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The Cumberland Piedmont Network (CUPN) Inventory and Monitoring Program was initiated in 
January 2001 to conduct biological inventories and examine the status and trends of ecosystem health 
for its cohort of 14 national parks, battlefi elds, and historic sites.  Within the CUPN, Mammoth Cave 
National Park (MACA) is the prototype for monitoring the cave-and-karst biome and provides tech-
nical expertise and protocol assistance to the other parks in the Network.  

The CUPN, and every network of parks that received funding from the Natural Resource Program 
Center to develop an Inventory and Monitoring Program, is required to prepare a monitoring plan 
that describes the design and implementation of their monitoring program as well as the process that 
led to the fi nal selection of the Vital Signs to be monitored.   Successful completion of the monitoring 
plan was accomplished in three-phases: 

Phase I – Identifi cation of Signifi cant Natural Resources, Management Issues, Background Informa-
tion, and Development of Conceptual Models (2001-2002): The general purpose of the CUPN-
MACA Monitoring Program is to provide information to detect, predict, and understand changes in 
major ecosystem resources of primary interest to the park(s) that contain them. Central to achieving 
this purpose was the identifi cation of natural resources that are signifi cant both to the ecosystem and 
to park managers. This was accomplished in Phase I by conducting a series of Network-wide work-
shops to develop a comprehensive list of signifi cant natural resources that met one or more of four 
criteria: (1) natural resources signifi cant to enabling legislation; (2) natural resources signifi cant be-
cause of specifi c legal mandates or policies; (3) natural resources signifi cant because of performance 
management goals; and (4) natural resources signifi cant for other reasons, such as those identifi ed 
as important by other agencies.  The workshops also summarized park management issues using 
categories defi ned in existing Resource Management Plans.  An overview of these signifi cant natural 
resources and management issues is presented in Chapter 1 of this document.  

In addition to the parks’ perspectives on resource signifi cance, the Network involved external scien-
tists to develop a series of theoretical, or conceptual, ecosystem models.  Ecologists from the Univer-
sity of Tennessee and United States Geological Survey-Biological Resource Discipline (USGS-BRD) 
took the lead in this eff ort, following a multi-agency science meeting held jointly with the Appala-
chian Highlands Network. The conceptual models were developed around the framework of three 
major ecosystems:  aquatic, caves, and terrestrial.  While using general models to illustrate the overall 
ecosystem, detailed sub-models were designed to focus on resources of park-specifi c management 
priority. Chapter 2 provides a description of the ecosystem modeling process.

Phase I also began the process of identifying, evaluating, and synthesizing existing data, including a 
comprehensive evaluation of water resources.   To accomplish this, an on-site hydrologic assessment 
of each Network park was conducted that included a brief description of park hydrology, document-
ed and potential threats to water quality, general water uses, and general aquatic resources. Potential 
sampling locations, including past sites, were assessed and described (including factors of site rel-sampling locations, including past sites, were assessed and described (including factors of site rel-
evance, sampling logistics, and safety).  Appendix E contains the complete Water Quality Monitoring evance, sampling logistics, and safety).  Appendix E contains the complete Water Quality Monitoring 
Program that was subsequently developed.  Other monitoring eff orts both within and outside of the Program that was subsequently developed.  Other monitoring eff orts both within and outside of the 
NPS are summarized in Chapter 1 and Appendix I of this document.  Having in hand a listing of its NPS are summarized in Chapter 1 and Appendix I of this document.  Having in hand a listing of its 
signifi cant natural resources and management issues, completed development of conceptual ecosys-signifi cant natural resources and management issues, completed development of conceptual ecosys-
tem models and submodels, and an evaluation of its water resources, the CUPN was ready to proceed tem models and submodels, and an evaluation of its water resources, the CUPN was ready to proceed 
to the Phase II Vital Signs selection process.

ExecutiveSummary

Cave Cricket – a denizen of 
Mammoth Cave National Park’s 
cave-and-karst biome.
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Phase II – Prioritization and Selection Process 
(2002-2003): The selection and prioritization of 
Vital Signs to be monitored was accomplished 
through a series of park-by-park workshops.  
USGS-BRD Ecologist, Dr. Robert Woodman, 
took the lead in simplifying the conceptual 
ecosystem models by extracting component 
sub-models for discussion and focus during 
the workshops.  Working with other staff  and 
scientists from MACA, the prototype ranked its 
Vital Signs fi rst, then Dr. Woodman helped to 
apply these procedures to the other Network 
units.  Dr. Jack Ranney, Ecologist with University 
of Tennessee, became the workshop leader for 
the thirteen smaller parks, and each potential 
vital sign was ranked using a group consensus on 
three weighted factors: Ecological Signifi cance 

(40%), Management Signifi cance (40%), and 
Monitoring Effi  cacy (20%).Monitoring Effi  cacy (20%).

The resulting scores were tallied and weighted The resulting scores were tallied and weighted 
according to the majority of parks (separate according to the majority of parks (separate 
from MACA Prototype ranking).  This resulted from MACA Prototype ranking).  This resulted 
in a short-list of high-priority Vital Signs for the in a short-list of high-priority Vital Signs for the 
CUPN which was later combined with the list 

from MACA, to produce a combined total of 
seventeen high-priority Vital Signs (see chart 
below).  A full description of the ranking process 
and resulting lists of Vital Signs are the subjects 
of Chapter 3.   

Phase III – Sampling Design, Protocol Devel-
opment, and Data Management (2003-2004): 
Phase III (and beyond) of the monitoring plan 
involves developing strategic sampling designs 
which are appropriate for both Network-wide 
and park-level components.  The overall sam-
pling strategy is to promote the integration of 
various monitoring components and to allow 
inferences to be made beyond the areas actually 
sampled.  The terrestrial component of Net-
work-wide vegetation sampling will be based 

upon grid-and-plot arrays developed during the upon grid-and-plot arrays developed during the 
course of biological inventories.  For some com-course of biological inventories.  For some com-
munity types that are not represented by estab-munity types that are not represented by estab-
lished plots, additional sampling locations will lished plots, additional sampling locations will 
be added. For other monitoring eff orts, the sam-be added. For other monitoring eff orts, the sam-
pling design will be based upon factors specifi c pling design will be based upon factors specifi c 
to the spatial distribution of resources.  Ozone to the spatial distribution of resources.  Ozone 
monitors must consider topography, openness of 

Seventeen High-Priority Vital Signs for the Cumblerand Piedmont Network

Park
ABLI      

CARL       

CHCH       

COWP       

CUGA       
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GUCO      
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LIRI        

MACA              

NISI       

RUCA       

SHIL       

STRI       

A
dj

ac
en

t 
La

nd
 U

se

Pl
an

t 
Sp

ec
ie

s 
of

 C
on

ce
rn

A
lle

gh
en

y 
W

oo
dr

at
s

Ca
ve

 B
at

s

Fi
sh

 D
iv

er
si

ty

M
us

se
l D

iv
er

si
ty

V
eg

et
at

io
n 

Co
m

m
un

it
ie

s

Ca
ve

 C
ri

ck
et

s

Ca
ve

 B
ee

tl
es

Ca
ve

 A
qu

at
ic

 F
au

na

Fo
re

st
 P

es
ts

In
va

si
ve

 P
la

nt
s

Be
nt

hi
c 

M
ac

ro
-In

ve
rt

eb
ra

te
s

W
at

er
 Q

ua
lit

y 
an

d 
Q

ua
nt

it
y

Ca
ve

 A
ir

 Q
ua

lit
y

A
tm

os
ph

er
ic

 D
ep

os
it

io
n

O
zo

ne
 a

nd
 O

zo
ne

 Im
pa

ct

V
it

al
 S

ig
n 

N
am

e

Landscape Change

Air Quality

Water Quality

Ozone Damage

Cave Biota

Invasive Species



  Vital Signs Monitoring Plan

13

forest canopy, and nearby ozone sources; while 
cave sampling is driven by distribution of caves, 
accessibility, and management status.  Sampling 
designs are discussed in Chapter 4 of this plan.

Protocol development was another major task of 
Phase III.  The complexity of a long-term moni-
toring program with multiple parks and sampling 
designs requires a standard for review of how 
data are to be collected, managed, analyzed, and 
presented.  Following IM guidance, the Network 
adopted use of protocol guidelines (Oakley, et 
al. 2003) and protocol development summaries 
(PDS). These include a brief justifi cation narra-
tive and specifi c monitoring objectives, as well as 
the list of parks involved. The Network currently 
has three draft protocols under review and has 
included a PDS for each of the remaining 14 in 
Appendix R of this document.  

In addition to protocol-specifi c data manage-
ment procedures, an overall data management 
strategy is required to address the needs of a 
multi-park monitoring program; therefore, in 
2004, the CUPN-MACA data management team 
developed a comprehensive draft Data Manage-
ment Plan (DMP) in collaboration with other 
networks, and with initial coordination and guid-
ance provided by the IM Program.  The DMP 
will serve to guide program managers and other 
staff  in the management of data documentation, 
data quality, and data distribution. An overall 
summary of data management is discussed in 
Chapter 6 and the draft DMP can be found as 
Appendix T of this document.  The remaining 
chapters of this plan cover topics on administra-
tion, schedule, and budget (Chapters 8, 9, 10).

Future Direction: The CUPN-MACA plans to 
implement its monitoring of three high-priority 
Vital Signs in 2005, pending approval of relevant 
protocols.   These are the Allegheny Woodrat 
(MACA), Cave Cricket (MACA), and Water 
Quality (all 14 CUPN parks).   Databases and 
sampling designs are already under development 
for these three.  Also continuing in 2005, will be 
the development and testing of several additional 
protocols for ozone, cave beetles, cave air quality, 
and fi sh diversity.   Vegetation classifi cation and 
mapping baselines will also continue. 

The Water Quality monitoring program has The Water Quality monitoring program has 
completed a two-year baseline inventory and completed a two-year baseline inventory and 
park-by-park discussions began in January 2005 park-by-park discussions began in January 2005 
to determine which parameters will remain in to determine which parameters will remain in 
the active monitoring program.  Database train-
ing and implementation of NPStoret (Water 

Resource Division’s Service-wide database) will 
also take place in 2005.   

In the years following, biological inventory and 
monitoring data will be updated appropriately as 
projects approach their ending dates.  These new 
datasets of information will be compiled and 
summarized to fi ll any gaps that may have oc-
curred during the prioritization of Vital Signs.    

The CUPN-MACA monitoring program will 
undergo programmatic reviews at approximately 
5-year intervals.  Periodic program reviews are 
an essential component of quality assurance for 
any long-term monitoring program, and are con-
ducted specifi cally to evaluate and improve the 
program.  This CUPN-MACA Vital Signs Moni-
toring Plan will be updated as needed to refl ect 
changes to the ongoing monitoring program.
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The Cumberland Piedmont Network (CUPN) 
is one of 32 National Park Service (NPS) 

inventory and monitoring networks nationwide 
that are creating a Vital Signs Monitoring Plan 
for assessing the condition of park ecosystems.  
The network approach facilitates collaboration, 

information sharing, and economies of scale in 
natural resource monitoring, and will provide 
parks with a minimum infrastructure for initiat-
ing natural resource monitoring that can be built 
upon in the future.  This plan defi nes the process 
used by CUPN to accomplish Vital Signs moni-
toring integrated with the prototype long-term 
ecological monitoring eff orts underway at Mam-
moth Cave National Park (MACA).  Both CUPN 
and MACA Prototype are funded through the 
Natural Resource Challenge and are working 
together toward a mutual goal to provide critical 
information to park managers regarding the sta-
tus and trends of selected resources designated 
as Vital Signs.

1.1   Overview of Network Parks

The CUPN consists of 14 parks with diverse 
cultural and natural resources distributed across 
seven states and six diff erent physiographic 
regions (Figure 1.1).  Ecosystems encompassed 

Table 1.1  Cumberland Piedmont Network Parks
Park Name Code Size (acre) Size (ha) State

Abraham Lincoln Birthplace National Historic Site ABLI 341 138 KY

Carl Sandburg Home National Historic Site CARL 264 107 NC

Chickamauga & Chattanooga National Military Park CHCH 8,178 3,318 GA/TN

Cowpens National Battlefi eld COWP 842 341 SC

Cumberland Gap National Historical Park CUGA 20,437 8,274 KY/TN/VA

Fort Donelson National Battlefi eld FODO 558 226 TN

Guilford Courthouse National Military Park GUCO 220 89 NC

Kings Mountain National Military Park KIMO 3,945 1,597 SC

Little River Canyon National Preserve LIRI 13,691 5,543 AL

Mammoth Cave National Park MACA 52,809 21,380 KY

Ninety Six National Historic Site NISI 988 400 SC

Russell Cave National Monument RUCA 309 125 AL

Shiloh National Military Park SHIL 3,969 1,607 TN

Stones River National Battlefi eld STRI 709 287 TN

Chapter OneIntroduction and Background

Fig. 1.1  The Cumberland 
Piedmont Network
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by the CUPN parks include three major com-
ponents:  aquatic systems, terrestrial systems, 
and sub-terrestrial cave systems.  Parks in the 
Network range in size from 220 acres to almost 
53,000 acres, and include four Revolutionary 53,000 acres, and include four Revolutionary 
War parks, four Civil War parks, four national War parks, four Civil War parks, four national 
historic sites, one national preserve, and one historic sites, one national preserve, and one 
national park (Table 1.1).  The Network’s largest national park (Table 1.1).  The Network’s largest 
park is Mammoth Cave National Park, a World park is Mammoth Cave National Park, a World 
Heritage Site that constitutes the core area of 

an International Biosphere Reserve.  Mammoth 
Cave National Park is the long-term ecological 
monitoring prototype for the NPS cave and karst 
biome category.  The CUPN and MACA are 
working together to prepare a monitoring pro-
gram that will provide the information needed 
to assess changes within critical elements of the 
Network parks’ ecosystems.  

Although most were established for the pres-
ervation of cultural resources, all CUPN parks 
contain signifi cant natural resources.  Examples 
include the limestone glades found at Chicka-
mauga and Stones River National Battlefi elds; 
a pristine bog at Cumberland Gap National 
Historical Park; caves at Russell Cave National 
Monument, Lookout Mountain (Chattanooga), 
and MACA; prairie remnants at Cowpens Na-
tional Battlefi eld; and nationally signifi cant 
waters found at Little River Canyon National 
Preserve and MACA.  General descriptions of 
natural resources for each park are presented in 
Appendix A.  Natural resources at MACA are 
further described in Appendix B.  An overview 
of special habitats and Threatened and Endan-
gered species that occur in each park is included 
in Appendix C.

1.2  Integrated Natural Resource 
Monitoring

1.2.1  Justifi cation for Integrated Natural 
Resource Monitoring

Knowing the condition of natural resources in 
national parks is fundamental to the Service’s 
ability to manage park resources “unimpaired for 
the enjoyment of future generations”.  National 
Park managers across the country are confronted 
with increasingly complex and challenging issues 
that require a broad-based understanding of the 
status and trends of park resources as a basis for 
making decisions and working with other agen-
cies and the public.  The challenge of protecting 
and managing a park’s natural resources requires 
a multi-agency, ecosystem-based approach be-
cause most parks are open systems, with threats cause most parks are open systems, with threats 
such as air and water pollution, or invasive spe-such as air and water pollution, or invasive spe-
cies, originating outside of the park’s boundaries.  cies, originating outside of the park’s boundaries.  
An ecosystem-based approach is further needed An ecosystem-based approach is further needed 
because no single spatial or temporal scale is because no single spatial or temporal scale is 
appropriate for all system components and pro-appropriate for all system components and pro-
cesses; the appropriate scale for understanding cesses; the appropriate scale for understanding 
and eff ectively managing a resource might be at 

The Mission of the 

National Park Service 

(National Park Service 

Organic Act, 1916) is:

“...to promote and 

regulate the use of the 

Federal areas known 

as national parks, mon-

uments, and reserva-

tions hereinafter speci-

fi ed by such means and 

measures as conform to 

the fundamental pur-

poses of the said parks, 

monuments, and reser-

vations, which purpose 

is to conserve the scen-

ery and the natural and 

historic objects and the 

wild life therein and to 

provide for the enjoy-

ment of the same in 

such manner and by 

such means as will leave 

them unimpaired for 

the enjoyment of future 

generations”.

Terrestrial

Cave

Aquatic
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the population, species, community, or landscape 
level, and in some cases may require a regional, 
national or international eff ort to understand 
and manage the resource.  National parks are 
part of larger ecosystems and must be managed 
in that context.

The intent of the NPS long-term ecological 
monitoring program is to track a subset of park 
resources and processes, known as “Vital Signs”, 
that are determined to be the most signifi cant 
indicators of ecosystem conditions.  Vital Signs 
are defi ned by the NPS monitoring program as a 
subset of physical, chemical, and biological ele-
ments and processes of park ecosystems that are 
selected to represent the overall health or condi-
tion of park resources, known or hypothesized 
eff ects of stressors, or elements that have impor-
tant human values. The elements and processes 
that are monitored are a subset of the total suite 
of natural resources that park managers are di-
rected to preserve “unimpaired for future gener-
ations,” including water, air, geological resources, 
plants and animals, and the various ecological, 
biological, and physical processes acting on 
those resources. Vital Signs may be designated 
at any level of organization including landscape, 
community, population, or genetic level, and may 
be compositional (referring to the variety of ele-
ments in the system), structural (referring to the 
organization or pattern of the system), or func-
tional (referring to ecological processes).  In situ-
ations where natural areas have been so highly 
altered that physical and biological processes no 
longer operate (e.g., control of fi res and fl oods in 
developed areas), information obtained through 
monitoring can help managers understand how 
to develop the most eff ective approach to resto-
ration or, in cases where restoration is impossi-
ble, ecologically sound management.  The broad-
based, scientifi cally sound information obtained 
through long-term natural resource monitoring 
will have multiple applications for management 
decision-making, research, education, and pro-
moting public understanding of park resources.

1.2.2  Legislation, Policy and Guidance

National Park managers are directed by federal National Park managers are directed by federal 
law and National Park Service policies and guid-law and National Park Service policies and guid-
ance to know the status and trends in the condi-ance to know the status and trends in the condi-
tion of natural resources under their stewardship tion of natural resources under their stewardship 
in order to fulfi ll the NPS mission of conserving in order to fulfi ll the NPS mission of conserving 
parks unimpaired.  Congress strengthened the 
National Park Service’s protective function, and 

provided language important to recent decisions 
about resource impairment, when it amended 
the Organic Act in 1978 to state that “the protec-
tion, management, and administration of these 
areas shall be conducted in light of the high pub-
lic value and integrity of the National Park Sys-
tem and shall not be exercised in derogation of 
the values and purposes for which these various 
areas have been established…”.

More recently, the National Parks Omnibus 
Management Act of 1998 established the frame-
work for fully integrating natural resource moni-
toring and other science activities into the man-
agement processes of the National Park System.  
The Act charges the Secretary of the Interior to 
“continually improve the ability of the National 
Park Service to provide state-of-the-art man-
agement, protection, and interpretation of and 
research on the resources of the National Park 
System”, and to “… assure the full and proper 
utilization of the results of scientifi c studies for 
park management decisions.”  Section 5934 of 
the Act requires the Secretary of the Interior to 
develop a program of “inventory and monitoring 
of National Park System resources to establish 
baseline information and to provide information 
on the long-term trends in the condition of Na-
tional Park System resources.”

Congress reinforced the message of the National 
Parks Omnibus Management Act of 1998 in its 
text of the FY 2000 Appropriations bill:

“The Committee applauds the Service for recog-
nizing that the preservation of the diverse natural 
elements and the great scenic beauty of America’s 
national parks and other units should be as high a 
priority in the Service as providing visitor services. 
A major part of protecting those resources is 
knowing what they are, where they are, how they 
interact with their environment and what condi-
tion they are in.  This involves a serious commit-
ment from the leadership of the National Park 
Service to insist that the superintendents carry out 
a systematic, consistent, professional inventory 
and monitoring program, along with other scien-
tifi c activities, that is regularly updated to ensure 
that the Service makes sound resource decisions 
based on sound scientifi c data.” 

The 2001 NPS Management Policies updated The 2001 NPS Management Policies updated 
previous policy and specifi cally directed the Ser-previous policy and specifi cally directed the Ser-
vice to inventory and monitor natural systems:vice to inventory and monitor natural systems:

“Natural systems in the national park system, “Natural systems in the national park system, 
and the human infl uences upon them, will be 



Cumberland Piedmont Network and Mammoth Cave National Park Prototype 

18

monitored to detect change. The Service will use 
the results of monitoring and research to under-
stand the detected change and to develop appro-
priate management actions”.

Further, “The Service will: 

2 Identify, acquire, and interpret needed in-
ventory, monitoring, and research, including 
applicable traditional knowledge, to obtain 
information and data that will help park 
managers accomplish park management 
objectives provided for in law and planning 
documents. 

2 Defi ne, assemble, and synthesize compre-
hensive baseline inventory data describing 
the natural resources under its stewardship, 
and identify the processes that infl uence 
those resources. 

2 Use qualitative and quantitative techniques 
to monitor key aspects of resources and pro-
cesses at regular intervals. 

2 Analyze the resulting information to detect 
or predict changes, including interrelation-
ships with visitor carrying capacities, that 
may require management intervention, and 

to provide reference points for comparison 
with other environments and time frames. 

2 Use the resulting information to maintain-
and, where necessary, restore-the integrity 
of natural systems” (2001 NPS Management 
Policies).

Additional statutes that provide legal direction 
for expending funds to determine the condition 
of natural resources in parks and specifi cally 
guide the natural resource management of Net-
work parks can be found in “Summary of Laws, 
Policy and Guidance” (http://science.nature.nps.
gov/im/monitor/LawsPolicy.htm).

1.2.3   National Park Service Framework

Monitoring is a central component of natural 
resource stewardship in the National Park Ser-
vice, and in conjunction with natural resource 
inventories and research, provides the informa-
tion needed for eff ective, science-based manage-
rial decision-making and resource protection 
(Figure 1.2).  The NPS strategy to institutionalize 
inventory and monitoring throughout the agency 
consists of a framework [see “Framework for 
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Fig. 1.2   Relationships between monitoring, inventories, research, and natural resource management 
activities in national parks (modifi ed from Jenkins et al., 2002).
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National Park Service Inventory and Monitor-
ing” (http://science.nature.nps.gov/im/monitor/
NationalFramework.htm)] having three major 
components: (1) completion of 12 basic resource 
inventories upon which monitoring eff orts can 
be based; (2) a network of  11 experimental or 
“prototype” long-term ecological monitoring 
programs begun in 1992 to evaluate alternative 
monitoring designs and strategies; and (3) imple-
mentation of operational monitoring of critical 
parameters (i.e., “Vital Signs”) in approximately 
270 parks with signifi cant natural resources.

To implement natural resource monitoring in 
approximately 270 parks with signifi cant natural 
resources, the NPS has organized parks into 
32 “Vital Signs monitoring networks” linked by 
geography and shared natural resource char-
acteristics.  Ten of the 32 networks include one 
or two prototype programs. These prototypes, 
which also may receive funding and scientifi c ex-
pertise from USGS, are expected to develop and 
test sampling protocols and provide technical 
assistance and mentoring to other parks within 
their network and nationwide. By nature of these 
enhanced funding and staffi  ng levels and USGS 
involvement, most prototypes are able to con-
duct a level of monitoring that is more compre-
hensive and intensive than what other parks can 
undertake. In addition to the initial emphasis on 
protocol development, there is a long-term role 
for the prototypes in developing and testing new 
approaches to data analysis and synthesis, and 
reporting of monitoring results, and in providing 
mentoring and training to others. The following 
section describes the CUPN and MACA Proto-
type relationship.

1.2.4  Developmental History of the CUPN-
MACA Monitoring Program.

The CUPN-MACA Monitoring Program exists 
today as a synthesis of two formerly separate 
and independent programs: the Mammoth Cave 
National Park Prototype Monitoring Program 
and the Cumberland Piedmont Vital Signs Net-
work Monitoring Program. This unifi ed program 
addresses a composite list of monitoring tasks, 
shares resources originating from its component 
programs, and focuses eff orts onto combined programs, and focuses eff orts onto combined 
tasks such as data management, yet still oper-tasks such as data management, yet still oper-
ates under two separate budgets. This functional ates under two separate budgets. This functional 
articulation with budgetary separateness is the articulation with budgetary separateness is the 
product of a complex, yet important, evolu-
tion.  It reveals a documentary record potentially 

useful to the development of other programs, 
including the changes in naming, approach, ter-
minology, and focus that occurred. The attached 
evolutionary history (Appendix D) presents a 
brief synopsis highlighting some “phases” in our 
evolution. This synopsis will, we hope, help re-
duce the potential for confusion as the reader of 
this plan attempts to reconcile current approach-
es, stated focus, terminology and usage with that 
found in the diverse materials appended to this 
Vital Signs Monitoring Plan.  At present, (July 
2005), the CUPN-MACA Program exists as one 
program encompassing and addressing the needs 
of one large Prototype Park (MACA), and 13 
smaller park units spread across seven states in 
the southeastern USA. 

1.2.5  Goals and Objectives for Vital Signs 
Monitoring

The general purpose of the CUPN-MACA 
Monitoring Program is to provide information 
to detect, predict, and understand changes in 
major ecosystem resources of primary interest to 
the park(s) that contain them. Central to achiev-
ing this purpose, is the identifi cation of sets of 
resources or system attributes for monitoring. 
Our challenge is to build a size-limited, practical, 
“do fewer things better” monitoring program that 
emphasize addressing park management needs in 
an ecosystem-relevant context. The degree of em-
phasis diff ers between the two (formerly separate) 
programs in that MACA is able to focus more 
intensively on resources of one park, whereas 
CUPN is distributing its eff ort across many parks. 

1.2.5.1  Monitoring Goals

The goals of the CUPN-MACA program follow 
those developed as Servicewide Goals for Vital 
Signs Monitoring for the National Park Service.  
These are:

2 Determine status and trends in selected in-
dicators of the condition of park ecosystems 
to allow managers to make better-informed 
decisions and to work more eff ectively with 
other agencies and individuals for the benefi t other agencies and individuals for the benefi t 
of park resources.of park resources.

22 Provide early warning of abnormal conditions  Provide early warning of abnormal conditions 
and impairment of selected resources to help and impairment of selected resources to help 
develop eff ective mitigation measures and re-develop eff ective mitigation measures and re-
duce costs of management.duce costs of management.
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Table 1.2   General Ecosystem Monitoring Objectives
Ecosystem Component Preliminary Monitoring Objective Program Element

Aquatic 
Ecosystem

Key aquatic 
communities 
(Fauna)

Establish the current status and determine 
trends of key aquatic biotic communities 
(e.g., fi sh diversity, mussel diversity)

MACA and CUPN

Species-at-Risk 
(Fauna)

Monitor impacts on threatened aquatic fauna 
(e.g., muskrat predation on mussel community, 
beaver impact on federally listed fi sh species)

MACA and CUPN

Species-at-Risk 
(Flora)

Establish current baseline and assess changes 
in populations of threatened aquatic fl ora 
(e.g., Kral’s water plantain (LIRI))

CUPN

Key aquatic 
communities 
(Flora)

Determine extent, function, and trends of 
wetlands communities 

CUPN

Water Quality 
and Quantity

Establish current baseline and assess changes in 
surface water quality (silt, chemistry, nutrients, 
pesticides, metals) and quantity (fl ow rates, 
water level changes, cycles of rate changes)

MACA and CUPN

Water Quality Track status of indicators of Water Quality 
(Benthic MacroInvertebrate assemblages)

MACA  and CUPN

Cave 
Ecosystem

Cave Air Quality Establish current status and determine trends 
of air fl ux, temperature, relative humidity, 
and chemistry 

MACA and CUPN

Cave Biotic 
Organisms

Determine status and trends of selected cave 
organisms (crickets, beetles, woodrats, bats)

MACA (CUPN 
needs inventory)

Cave Biotic 
Communities

Determine status and trends of selected cave bi-
otic communities (aquatic invertebrates and fi sh)

MACA (CUPN 
needs inventory)

Cave Nutrient 
Import

Establish current rates and determine trends 
of nutrient input (quantity and quality) 

MACA

Cave Nutrient 
Import

Establish current routes and determine trends 
of nutrient input (rats, bats, crickets)

MACA

Cave Water 
Quality and 
Quantity

Determine current status and trends of cave 
water quality (silt, chemistry, nutrients, pesti-
cides, metals) and quantity (fl ow rates, water 
level changes, cycles of rate changes)

MACA and CUPN

Terrestrial 
Ecosystem

Adjacent Land 
Use

Determine rate and extent of adjacent land 
use change within a park’s watershed or 
other signifi cant buffer zone

MACA and CUPN

Air Quality Determine current air quality baseline and 
how it is changing over time (air chemistry, 
ozone, atmospheric deposition)

MACA and CUPN

Invasive Plants Determine current status, distribution, im-
pacts and trends of invasive plant species

MACA and CUPN

Forest Pests Assess impacts to forest community from 
selected animal species (deer, hemlock wooly 
adelgid, and other forest pests)

MACA and CUPN

Species-at-Risk 
(Fauna)

Establish current status, distribution, and 
determine trends of selected animal species 
(birds of concern)

MACA-SRM and 
CUPN 

Species-at-Risk 
(Flora)

Determine current status, distribution, and 
trends of selected plant species (ph-sensitive, 
ozone sensitive, poached, rare or declining)

MACA and CUPN

Vegetation 
Community

Determine current structure, composition, 
distribution of  vegetation communities and 
monitor changes (grasslands, glades)

CUPN

Visitor Use 
Impacts

Assess visitor use impacts to signifi cant natu-
ral resources (cliffl ines and plant communities 
from rock climbing activities)

CUPN
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2 Provide data to better understand the dynam-
ic nature and condition of park ecosystems 
and to provide reference points for compari-
sons with other, altered environments.

2 Provide data to meet certain legal and Con-
gressional mandates related to natural re-
source protection and visitor enjoyment.

2 Provide a means of measuring progress to-
wards performance goals.

These broad goals capture the dual role of the 
program to respond to park management needs 
and to make progress toward understanding park 
ecosystems.  In Chapter 3, the “Selection of Vital 
Signs” more fully describes how these needs are 
captured within the ranking process. Ideally, the 
Vital Signs chosen for monitoring are ones which 
provide good insight into the status of resources 
of management interest, and which serve as ef-
fective Vital Signs or indicators of the functional 
condition of park ecosystems.  

1.2.5.2 Monitoring Objectives

The preliminary monitoring objectives for 
CUPN-MACA (Table 1.2) are centered upon the 
framework of three major ecosystems:  aquatic, 
caves, and terrestrial.  Each set of objectives was 
derived from an analysis of park management is-
sues, discussions of signifi cant natural resources, 
and was reviewed by members of the CUPN 
Science and Technical Committee.  The specifi c 
measures, precision, and confi dence for each 
objective will be further defi ned during the pro-
tocol development stage (Phase III and beyond).  
Specifi c questions related to these objectives 

can be found in the CUPN workshop summary 
(Appendix M) and MACA Prototype report (Ap-
pendix B).

1.2.6 Strategic Approaches to 
Monitoring

1.2.6.1  Scope and Process for Developing 
an Integrated Monitoring Program

While developing the strategy for Vital Signs 
monitoring, it became clear that a “one size fi ts 
all” approach to monitoring design would not be 
eff ective in the NPS considering the tremendous 
variability of ecological conditions, sizes, and 
management capabilities among parks.  To de-
velop an eff ective, cost-effi  cient monitoring pro-
gram that addresses the most critical information 
needs of each park and integrates with other 
park operations, parks need considerable fl ex-
ibility to combine existing programs, funding and 
staffi  ng with new funding and staffi  ng available 
through the Natural Resource Challenge and the 
various divisions of the Natural Resource Pro-
gram Center.  Partnerships must be developed 
with federal and state agencies and adjacent 
landowners to fully understand and manage is-
sues that extend beyond park boundaries, but 
such partnerships (and the appropriate ecologi-
cal indicators and methodologies involved) will 
diff er from park to park throughout the national 
park system.  

The complicated task of developing an integrat-
ed monitoring program requires an initial invest-
ment in planning and design to: 1) guarantee that 
monitoring meets the most critical information 

Table 1.3   Timeline for Phase III Planning and Design

Data gathering, Internal scoping

Inventories to support monitoring

Scoping Workshops

Conceptual Modeling

Indicator Prioritization and Selection

Protocol development, Monitoring design

Monitoring Plan Due Dates Phase 1, 2, 3
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needs of each park; 2) produce scientifi cally 
credible results that are clearly understood and 
accepted by scientists, policy makers, and the 
public; and 3) make results readily accessible to 
managers and researchers.  The planning process 
must also ensure that monitoring builds upon 
existing information and understanding of park 
ecosystems while maximizing relationships with 
other agencies and academia.

Each network of parks is required to design an 
integrated monitoring program to address the 
monitoring goals listed above; one that is tai-
lored to the high-priority monitoring needs and 
partnership opportunities for the parks in that 
network.  Although there will be considerable 
variability among networks in the fi nal design, 
the basic approach to designing a monitoring 
program should follow fi ve basic steps, which 
are further discussed in the “Recommended 
Approach for Developing a Network Monitor-
ing Program” (http://science.nature.nps.gov/im/
monitor/Approach.htm):

1. Defi ne the purpose and scope of the moni-
toring program.

2. Compile and summarize existing data and 
understanding of park ecosystems. 

3. Develop conceptual models of relevant eco-
system components.

4. Select Vital Signs and specifi c monitoring 
objectives for each; and

5. Determine the appropriate sampling design 
and sampling protocols. 

These steps are incorporated into a 3-phase plan-
ning and design process that has been established 
for the network monitoring program.  Phase 1 of 
the process involves defi ning goals and objectives; 
beginning the process of identifying, evaluating 
and synthesizing existing data; developing draft 
conceptual models; and completing other back-
ground work that must be done before the initial 
selection of ecological indicators.  Each network 
is required to document these tasks in a Phase 1 
report, which is then peer reviewed and approved 
at the regional level before the network proceeds 
to the next phase.  Phase 2 of the planning and 
design eff ort involves prioritizing and select-
ing Vital Signs and developing draft monitoring 
objectives for each that will be included in the 
network’s initial integrated monitoring program.  
Phase 3 entails the detailed design work needed to 
implement monitoring, including the refi nement 
of specifi c monitoring objectives, development of 
sampling protocols, a statistical sampling design, 
a plan for data management and analysis, and 
details on the type and content of various prod-
ucts of the monitoring eff ort such as reports and 
websites. The schedule for completing the 3-phase 
planning and design process is shown below in 
Table 1.3.  

Monitoring Need Monitoring Strategy

System
Drivers

Known Effects

Unknown Effects

Threat-Specific Monitoring
•  Predicted responses

Focal Resource Monitoring
•  Potential scenarios

Ecosystem Status Monitoring
•  Early-warning indicators

(Modified from Woodley 1993)

Figure 1.3  Conceptual approach for selecting Vital Signs
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The implementation plan for water quality moni-
toring, funded by the NPS Water Resources Di-
vision (WRD), is keyed to the concept of becom-
ing fully integrated with the network-based Vital 
Signs monitoring program.  Networks incorpo-
rate the 3-phase approach and follow the same 
implementation schedule for their water quality 
monitoring planning.  Networks have the option 
of producing a single, integrated monitoring plan 
that incorporates the “core Vital Signs” and wa-
ter quality monitoring components, or they can 
produce a separate document for the water qual-
ity monitoring component that follows the guid-
ance for water quality monitoring (http://science.
nature.nps.gov/im/monitor).  The CUPN has 
prepared a separate study plan for Water Quality 
Monitoring (Appendix E).

1.2.6.2  Strategies for Determining What to 
Monitor

Monitoring is an on-going eff ort to better under-
stand how to sustain or restore ecosystems, and 
serves as an “early warning system” to detect de-
clines in ecosystem integrity and species viability 
before irreversible loss has occurred.  One of the 
key initial decisions in designing a monitoring pro-
gram is deciding how much relative weight should 
be given to tracking changes in focal resources and 
stressors that address current management issues, 
versus measures that are thought to be important 
to long-term understanding of park ecosystems.   
However, our current understanding of ecological 
systems and consequently, our ability to predict 
how park resources might respond to changes in 
various system drivers and stressors is poor.  A 
monitoring program that focuses only on current 
threat/response relationships and current issues 
may not provide the long-term data and under-
standing needed to address high-priority issues that 
will arise in the future.  Ultimately, an indicator is 
useful only if it can provide information to support 
a management decision or to quantify the success 
of past decisions, and a useful ecological indicator 
must produce results that are clearly understood 
and accepted by managers, scientists, policy mak-
ers, and the public.

Should Vital Signs monitoring focus on the ef-
fects of known threats to park resources or on fects of known threats to park resources or on 
general properties of ecosystem status?  Woodley general properties of ecosystem status?  Woodley 
et al., (1993), Woodward et al., (1999), and oth-et al., (1993), Woodward et al., (1999), and oth-
ers have described some of the advantages and ers have described some of the advantages and 
disadvantages of various monitoring approaches, 
including a strictly threats-based monitoring 

program, or alternate taxonomic, integrative, 
reductionist, or hypothesis-testing monitoring 
designs (Woodley et al., 1993, Woodward et al., 
1999).  The approach adopted by our Network 
agrees with the assertion that the best way to 
meet the challenges of monitoring in national 
parks and other protected areas is to achieve a 
balance among diff erent monitoring approaches, 
while recognizing that the program will not suc-
ceed without also considering political issues.  

We have adopted a multi-faceted approach 
for monitoring park resources, based on both 
integrated and threat-specifi c monitoring ap-
proaches and building upon concepts presented 
originally for the Canadian national parks (See 
Figure 1.3; Woodley 1993). Specifi cally, we rec-
ommend choosing indicators in each of the fol-
lowing broad categories:

(1) ecosystem drivers that fundamentally aff ect 
park ecosystems, 

(2) stressors and their ecological eff ects,  

(3) focal resources of parks, and

(4) key properties and processes of ecosystem 
integrity.

Ecosystem drivers are major natural external 
forces such as climate, fi re cycles, biological inva-
sions, hydrologic cycles, and natural disturbance 
events such as earthquakes, droughts, and fl oods.  
These can have large scale infl uences on natural 
systems.  Trends in ecosystem drivers will suggest 
what kind of changes to expect and may provide 
an early warning of presently unseen changes in 
the ecosystem.

Stressors are physical, chemical, or biological 
perturbations to a system that are either (a) for-
eign to that system or (b) natural to the system but 
applied at an excessive [or defi cient] level (Bar-
rett et al., 1976:192).  Stressors cause signifi cant 
changes in the ecological components, patterns 
and processes in natural systems.  Examples 
include water withdrawal, pesticide use, timber 
harvesting, traffi  c emissions, stream acidifi cation, 
trampling, poaching, land-use change, and air pol-trampling, poaching, land-use change, and air pol-
lution.  Monitoring of stressors and their eff ects, lution.  Monitoring of stressors and their eff ects, 
where known, will ensure short-term relevance of where known, will ensure short-term relevance of 
the monitoring program and provide information the monitoring program and provide information 
useful to management of current issues.useful to management of current issues.

Focal resources, by virtue of their special pro- by virtue of their special pro-
tection, public appeal, or other management sig-
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nifi cance, have paramount importance for moni-
toring regardless of current threats or whether 
they would be monitored as an indication of eco-
system integrity.  Focal resources might include 
ecological processes such as deposition rates of 
nitrates and sulfates in certain parks, or they may 
be a species that is harvested, endemic, alien, or 
has protected status.

Monitoring of key properties and processes of 
ecosystem integrity will provide the long-term 
baseline needed to judge what constitutes un-
natural variation in park resources and provide 
early warning of unacceptable change.  Biologi-
cal integrity has been defi ned as the capacity to 
support and maintain a balanced, integrated, 
adaptive community of organisms having a spe-
cies composition, diversity, and functional orga-
nization comparable to that of natural habitats 
of the region (Karr and Dudley 1981).  Ecological 
integrity is the summation of physical, chemical, 
and biological integrity, and it implies that eco-
system structures and functions are unimpaired 
by human-caused stresses.  Indicators of ecosys-
tem integrity are aimed at early-warning detec-
tion of presently unforeseeable detriments to the 
sustainability or resilience of ecosystems.

Collectively, these basic strategies for choosing 
Vital Signs achieve the diverse monitoring goals 
of the National Park Service.

1.2.6.3  Integration: Ecological, Spatial, Tem-
poral and Programmatic

One of the more diffi  cult aspects of designing a 
comprehensive monitoring program is integra-
tion of monitoring projects so that the interpre-
tation of the whole monitoring program yields 
information more useful than that of individual 
parts.  Integration involves ecological, spatial, 
temporal and programmatic aspects:

2 Ecological Integration involves considering 
the ecological linkages among system driv-
ers and the components, structures, and 
functions of ecosystems when selecting Vital 
Signs.  An eff ective ecosystem monitoring 
strategy will employ a suite of individual mea-strategy will employ a suite of individual mea-
surements that collectively monitor the integ-surements that collectively monitor the integ-
rity of the entire ecosystem.  One approach rity of the entire ecosystem.  One approach 
for eff ective ecological integration is to select for eff ective ecological integration is to select 
Vital Signs at various hierarchical levels of Vital Signs at various hierarchical levels of 
ecological organization (e.g., landscape, com-ecological organization (e.g., landscape, com-
munity, population, genetic; see Noss 1990).

2 Spatial Integration involves establishing link-
ages of measurements made at diff erent spatial 
scales within a park or network of parks, or 
between individual park programs and broad-
er regional programs (i.e., NPS or other na-
tional and regional programs).  It requires un-
derstanding of scalar ecological processes, the 
co-location of measurements of comparably 
scaled monitoring indicators, and the design of 
statistical sampling frameworks that permit the 
extrapolation and interpolation of scalar data.

2 Temporal Integration involves establishing 
linkages between measurements made at var-
ious temporal scales.  It will be necessary to 
determine a meaningful timeline for sampling 
diff erent indicators while considering charac-
teristics of temporal variation in these indica-
tors.  For example, sampling changes in the 
structure of a forest overstory (e.g., size class 
distribution) may require much less frequent 
sampling than that required to detect changes 
in the composition or density of herbaceous 
groundcover.  Temporal integration requires 
nesting the more frequent and, often, more 
intensive sampling within the context of less 
frequent sampling.

2 Programmatic Integration involves the coor-
dination and communication of monitoring 
activities within and among parks, among 
divisions of the NPS Natural Resource Pro-
gram Center, and among the NPS and other 
agencies, to promote broad participation in 
monitoring and use of the resulting data.  At 
the park or network level, for example, the 
involvement of a park’s law enforcement, 
maintenance, and interpretative staff  in rou-
tine monitoring activities and reporting re-
sults in a well-informed park staff , wider sup-
port for monitoring, improved potential for 
informing the public, and greater acceptance 
of monitoring results in the decision-making 
process.  The systems approach to monitor-
ing planning and design requires a coordi-
nated eff ort by the NPS Natural Resource 
Program Center divisions of Air Resources 
(ARD), Biological Resource Management, 
Geologic Resources, Natural Resource In-
formation, and Water Resources to provide formation, and Water Resources to provide 
guidance, technical support and funding to guidance, technical support and funding to 
the networks.  Finally, there is a need for the the networks.  Finally, there is a need for the 
NPS to coordinate monitoring planning, de-NPS to coordinate monitoring planning, de-
sign and implementation with other agencies sign and implementation with other agencies 
to promote sharing of data among neighbor-to promote sharing of data among neighbor-
ing land management agencies, while also ing land management agencies, while also 
providing context for interpreting the data.
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1.2.6.4  Limitations of the Monitoring Pro-
gram

Managers and scientists need to acknowledge 
limitations of the monitoring program that are a 
result of the inherent complexity and variability 
of park ecosystems, coupled with limited time, 
funding, and staffi  ng available for monitoring.  
Ecosystems are loosely-defi ned assemblages 
that exhibit characteristic patterns on a range 
of scales of time, space, and organization com-
plexity (De Leo and Levin 1997) (Note: the NPS 
I&M Program uses an alternative defi nition for 
“ecosystem”, as given in our Glossary).  Natural 
systems as well as human activities change over 
time, and it is extremely challenging to separate 
the natural variability inherent to ecosystems 
from the undesirable changes in park resources 
and ecosystems that may result from anthropo-
genic causes.  The monitoring program simply 
cannot address all resource management inter-
ests because of limitations of funding, staffi  ng, 
and logistical constraints (Appendix B, pp. 24-
25).  Rather, the intent of Vital Signs monitoring 
is to monitor a select set of ecosystem compo-
nents and processes that refl ect the condition 
of the park ecosystem and are relevant to man-
agement issues.  Cause and eff ect relationships 
usually cannot be demonstrated with monitoring 
data, but monitoring data might suggest a cause 
and eff ect relationship that can then be inves-
tigated with a research study.  As monitoring 
proceeds, as data sets are interpreted, as our un-
derstanding of ecological processes is enhanced, 
and as trends are detected, future issues will 
emerge (Roman and Barrett 1999).  The monitor-
ing plan should therefore be viewed as a working 
document, subject to periodic review and adjust-
ments over time as our understanding improves 
and new issues and technological advances arise 
(see Chapter 8.6).

1.3   The CUPN-MACA Approach

The overall approach used to develop a Vital 
Signs Monitoring Plan for CUPN-MACA is 
shown in Figure 1.4.  We began with a series of 
brainstorming sessions, questionnaires, meetings 
and workshops to scope out (1) focal resources 
(including ecological processes) important to (including ecological processes) important to 
each park, (2) agents of change or stressors that each park, (2) agents of change or stressors that 
are known or suspected to cause changes in the are known or suspected to cause changes in the 
focal resources over time; and (3) some basic key focal resources over time; and (3) some basic key 
properties and processes of ecosystem condi-
tion (e.g., weather, soil nutrients) (Chapter 1). 

Conceptual models were then developed, to 
help organize and communicate the information 
compiled during scoping.  From these general 
models, specialized sub-ecosystem models (sub-
models) were developed to focus on high-prior-
ity monitoring issues and to aid in the ranking 
process (Chapter 2). The scoping and conceptual 
modeling eff orts resulted in a group of potential 
Vital Signs for each ecosystem, which were then 
prioritized through a series of park workshops to 
identify the subset of Vital Signs to be included 
in our initial integrated monitoring program 
(Chapter 3).

One of the more important steps in developing 
a monitoring strategy is identifying, summariz-
ing, and evaluating the existing information on 
park ecosystems.  To accomplish this step: 1) 
literature and management plans for each park 
were reviewed, 2) existing datasets and current 
monitoring were summarized, and 3) resource 
management issues were ranked (Appendix G).  
Due to the inactive status of many Resource 
Management Plans, park managers were asked 
(by electronic survey) to prioritize management 
issues.  The gathered data were then presented 
at a series of three workshops by park staff  and 
subject-matter experts.  Mammoth Cave Na-
tional Park hosted a fourth workshop specifi c to 
their Long-term Ecological Monitoring Program.  
The fi fth and fi nal workshop was held jointly 
with the Appalachian Highlands Network to de-
velop conceptual models (Table 1.4).

The purpose of the fi rst three workshops was to 
give an overview of the Inventory and Monitor-
ing (IM) Network strategy, to identify signifi cant 
natural resources, to prioritize park management 
issues, and to identify monitoring needs. The 
three CUPN workshops were attended by a vari-
ety of park staff  including: Historians, Curators, 
Resource Managers, Chief Rangers, Chief of 
Operations, Chief of Visitor Use, and Superin-
tendents.  Each park presented their signifi cant 
natural resources on the fi rst day and discussed 
management issues on the second.

1.4  Ecological Context

1.4.1  Signifi cant Natural Resources

One of the primary tasks in Phase I was to One of the primary tasks in Phase I was to 
develop a comprehensive list of significant develop a comprehensive list of significant 
natural resources for Network parks. We used natural resources for Network parks. We used 
four criteria to identify the significant natu-four criteria to identify the significant natu-
ral resources of Network parks: (1) natural 
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Table 1.4  Workshops held in FY 2002 to identify signifi cant 
resources, management and scientifi c issues, and monitoring needs 
for parks in the Cumberland Piedmont Network.

Date/Place Parks Participants Purpose

January 30-31, 
2002 at Kings 
Mountain, NC

Carl Sandburg Home NHS
Cowpens NB
Guilford Courthouse NMP
Kings Mountain NMP
Ninety Six NHS

Park Staff, Subject 
Matter Experts: 
Air, Water, Fire, 
Invasives, CESU, 
NatureServe, SER-
IM Coordinators, 
Appalachian 
Highlands Network 
Coordinators

Identify Signifi cant 
Resources, Prioritize 
Management Issues,
Identify Monitoring 
Needs

March 26-27, 2002 
at DeSoto State 
Park, AL

Chickamauga and 
   Chattanooga NMP
Little River Canyon
Russell Cave NM
Shiloh NMP

Park Staff, Subject 
Matter Experts: 
Air, Water, Fire, 
Invasives, CESU, 
NatureServe, 
FWS, SER-IM, 
Appalachian 
Highlands Network 
Coordinators

Identify Signifi cant 
Resources, Prioritize 
Management Issues,
Identify Monitoring 
Needs

May 1-2, 2002 at
Mammoth Cave 
National Park, KY

Abraham Lincoln Birthplace NHS
Cumberland Gap NHP
Fort Donelson NB
Stones River NB

Park Staff, Subject 
Matter Experts: 
Air, Water, Fire, 
Invasives, CESU, 
NatureServe, 
SER-IM, CUPN, 
Appalachian 
Highlands Network 
Coordinators, 
MACA Prototype 
Staff

Identify Signifi cant 
Resources, Prioritize 
Management Issues,
Identify Monitoring 
Needs

May 15, 2002 at
Mammoth Cave 
National Park, KY

Mammoth Cave NP-Prototype 
Long-Term Ecological
Monitoring Program

Park Staff, 
USGS-BRD, 
University of Tenn, 
CUPN Coordinator

Identify Signifi cant 
Resources, Prioritize 
Management Issues,
Identify Monitoring 
Needs

July 17-18, 2002 at 
Great Smoky Mtns 
Learning Center, 
NC

Big South Fork NRRA
Blue Ridge Parkway
Great Smoky Mtns NP
Mammoth Cave NP
Obed River

Park Staff, 
University Staff, 
FWS, SAMAB, 
NRCS, USGS-BRD, 
CESU, Gulf Coast/ 
Appalachian 
Highlands/ CUPN 
Coordinators,
MACA Prototype 
Staff

Brainstorm session 
on general Aquatic 
and Terrestrial  
Ecosystem 
Conceptual Models
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Table 1.5     Signifi cant Natural Resources for Parks in the
                    Cumberland Piedmont Network

Park Natural Resources 
Signifi cant to 
Enabling Legislation

Natural Resources 
Signifi cant to Legal 
Mandates/Policy

Natural Resources 
Signifi cant to 
Performance 
Managment Goals

Natural Resoucres 
Signifi cant for 
Other Reasons

ABLI Sinking Spring, 
Knob Creek. Cultural 
landscape of 1808-
1816

Sinking Spring Cave, 
Wetlands, 
State listed species, 
Invasive species

Invasives, Vital 
Signs

Old growth forest, 
rock shelters, cave 
species, glades, 
biodiversity at Knob 
Creek, Birds

CARL Cultural landscape of 
1945-1967 
“wildness”

Wetlands, State listed 
species,
Invasive species

Invasives, Vital 
Signs, Cultural 
landscape

G2 Appalachian Low 
Elevation Granitic 
domes, Birds, 
Beaver

CHCH Battlefi eld landscape 
of 1863

Federally listed species: 
Mountain Skullcap and 
Gray Bat. State listed 
species, Caves, 303d 
waterbody.

Invasives, Vital 
Signs, T&E 
species, Water 
Quality

Cedar Glades, Deer, 
Birds, Southern Pine 
Beetle

COWP Battlefi eld landscape 
of 1781

Federally listed species: 
dwarf-fl owered heartleaf, 
State listed species, 
Wetlands, Invasive 
species

Invasives, Vital 
Signs, T&E 
species, Air 
Quality, Cultural 
landscape

Deer, Birds, 
nonvascular plants

CUGA Cultural Landscape 
pre-history through 
Civil War. Geologic 
formations

Federally listed species: 
Black side dace, 
Indiana bat, proposed 
wilderness, caves, State 
listed species, wetlands, 
Invasives

Invasives, Vital 
Signs, Water 
quality, T&E 
species

Limestone cliffs, rock 
shelters, elk?, forest 
pests, G1 Forest 
Community, Birds

FODO Battlefi eld landscape 
of 1862

Federally listed species: 
Price’s Potato Bean, 
State listed species, 
Wetlands, Invasive 
species

Invasives, 
Vital Signs, T&E 
species

Earth works 
vegetation, Birds

GUCO Battlefi eld landscape 
of 1781

Wetlands, Invasive 
species
(No known state/
federally listed species)

Invasives, 
Vital Signs, 
Cultural landscape

G3 Piedmont Small 
Stream Sweetgum 
Forest, G3G4 Acidic 
Piedmont Mesic 
Mixed Hardwood, 
Birds

KIMO Battlefi eld landscape 
of 1780

Federally listed species: 
Georgia Aster, Wetlands, 
State listed species, 
Invasive species

Invasives, Vital 
Signs, Cultural 
landscape, T&E 
species

Macroinvertebrates? 
(inventory is 
needed), Birds

LIRI River and Canyon Outstanding National 
Resource Water 
(ONRW), Wetlands, 
Federally listed species 
(3 plants,1fi sh), State 
listed species, Invasive 
species

Water Quality, 
Vital Signs, 
Invasives, T&E 
species

Sandstone Glades, 
Green Pitcher bog, 
Terrace- Riparian 
communities, Riffl es 
and Shoals, Birds
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Table 1.5     Signifi cant Natural Resources for Parks in the
                    Cumberland Piedmont Network, continued

Park Natural Resources 
Signifi cant to 
Enabling Legislation

Natural Resources 
Signifi cant to Legal 
Mandates/Policy

Natural Resources 
Signifi cant to 
Performance 
Managment Goals

Natural Resoucres 
Signifi cant for 
Other Reasons

MACA Green and Nolin rivers 
specifi cally mentioned 
in park EL. Cave 
streams specifi cally 
mentioned in park EL. 
Forest old growth and 
diversity specifi cally 
mentioned in park EL. 
Caves (formations) 
specifi cally mentioned 
in park EL.

ESA listed species:  6 
mussel species, Indiana 
and gray bats, bald 
eagle, Kentucky cave 
shrimp, crystal darter 
fi sh (historic), dragonfl y, 
and Eggert’s sunfl ower.  
Federal Cave Protection 
Act.  Green River 
State listed as ONRW 
and Wild and Scenic 
River. Green River 
State designated use 
WQ limits and TMDL’s 
(ONRW). Cave streams 
State listed as ONRW 
and State designated 
use WQ limits and 
TMDL’s (cold water 
aquatic and ONR).  
303d Water. Wetlands 
(as mapped and yet to 
be delineated).  Clean 
Air Act (Class I Airshed).  
State listed species 
(NPS Policy).  EO 
invasive species.

Water quality and 
aquatic ecosystem 
condition, invasive 
plant control, 
disturbed lands, 
Class I air quality, 
T&E species, and 
Vital Signs.

Biodiversity: 
surface/cave 
aquatic, surface 
terrestrial, soils, 
and cave terrestrial 
ecosystems. [Green 
River: 82 fi sh, 192 
macroinvertebrates, 
51 mussels. 
Species diversity 
of cave streams; 
3 fi sh, shrimp, 
crayfi sh, inverts, 
and microbes. 
Undisturbed forest 
ecosystem: plant 
species diversity 
(over 1,300 species 
fl owering plants 
including 84 species 
of trees). Signifi cant 
habitats Big Woods 
(300 acres old 
growth), glades, 
bogs, river islands, 
sinkholes, hemlock 
hollows, barren 
remnants,  cliff-
lines, cave entrance 
ecotones.].

NISI Battlefi eld landscape 
of 1781

State listed species, 
Wetlands, Invasive 
species

Invasives, Vital 
Signs, Cultural 
landscape

Swampy woods/
wetlands, Lake, 
Deer, Fire ants, 
Coyote, Birds

RUCA Cave, Cultural 
Landscape 7000 BC to 
1600 AD

Cave, State listed 
Species, Invasives

Vital Signs, 
Invasives

Biodiversity of cave 
ecosystem, Birds, 
Bryophytes.

SHIL Battlefi eld Landscape 
of 1862

Federally listed species 
1 bird, 2 bats, 2 inverts, 
State listed species, 
Invasives

Water Quality, 
Vital Signs, 
Invasives

Endemic Lichen, 
Birds, High 
Biodiversity in 
Aquatic Community, 
Deer, Beaver
Hardwood 
Bottomland 
Forest, New Land 
Acquisition, 

STRI Battlefi eld landscape 
of 1862-1866

Federally listed species: 
Tennessee Conefl ower, 
303d Water,  cave, State 
listed species, Invasive 
species

Invasives, 
Disturbed lands, 
Vital Signs, Water 
Quality

Earth work 
restoration, cedar 
glades, deer 
& groundhog 
problems, Birds
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Table 1.6  Performance management goals related to IM for 
Network parks

NPS Strategic Plan Mission Goals Cumberland Piedmont Network

Ia1. Disturbed Lands / Invasive Species – By 2008, 10.1% 
of targeted disturbed park lands are restored and invasive 
vegetation on 6.3% of targeted acres are contained.

All CUPN parks have invasive invasives; 
only a few have disturbed lands.

Ia2. Threatened and Endangered Species – By 2008, 
14.4% of the 1999 identifi ed park populations of federally 
listed threatened and endangered species with critical 
habitat on park lands or requiring NPS recovery actions 
have improved status, and an additional 20.5% have 
stable populations.

Nine parks have federally listed species, 
but not all have critical habitat and not 
all species require NPS recovery actions.

Ia3. Air Quality – By 2008, air quality in 70% of reporting 
park areas has remained stable or improved.

MACA is a Class I air quality area. 
COWP and MACA are currently 
monitoring air quality.

Ia4. Water Quality – By 2008, 75% of 288 parks have 
unimpaired water quality.

All CUPN parks. MACA and LIRI have 
ONRW status and STRI has 303d status

Ia7. Cultural Landscapes – By 2008, 35% of the cultural 
landscapes on the Cultural Landscape Inventory with 
condition information are in good condition.

Only a few CUPN parks have Cultural 
Landscape Inventory completed

Ib1. National Resource Inventories – By 2008, acquire or 
develop 87% of the 2,527 outstanding data sets identifi ed 
in 1999 of basic natural resource inventories for all parks.

All CUPN parks

Ib3A. Vital Signs Identifi ed – By 2008, 100% of 270 parks 
with signifi cant natural resources have identifi ed their Vital 
Signs for natural resource monitoring.

All CUPN parks

Ib3B.  Vital Signs Monitoring – By 2008, 80% of (216 
of 270) parks with signifi cant natural resources have 
implemented natural resource monitoring of key Vital Signs 
parameters.

All CUPN parks

Ib5. Aquatic Resources – By 2008, NPS will complete an 
assessment of aquatic resource conditions in 265 parks.

All CUPN parks

resources significant to enabling legislation; 
(2) natural resources significant because of 
specific legal mandates or policy; (3) natural 
resources significant because of performance 
management goals; and (4) natural resources 
significant for other reasons (e.g., identi-
fied as globally rare and important by The 
Nature Conservancy).  An overview of these 
resources is presented in Table 1.5, with ad-
ditional details given in Appendices A and B 
(pp. 5-21).

Category 1: Natural resources signifi cant to en-
abling legislation 

Natural resources are specifi cally mentioned 
in the enabling legislation of four parks in the 
Network: Abraham Lincoln Birthplace National 
Historical Site (sinking spring), Little River Can-
yon National Preserve (river, canyon), Mammoth 
Cave National Park (cave, water, forest), and 

Russell Cave National Monument (cave).  The 
enabling legislation for twelve of the fourteen 
CUPN parks provides for the preservation of the 
cultural resources and commemoration of Civil 
War and Revolutionary War battles.  Although 
natural resources are not specifi cally mentioned 
in the enabling legislation of many cultural 
parks, certain resources hold signifi cance to the 
interpretation of the historic landscapes (e.g., 
battlefi eld, home, farm, caves).  Some parks have 
Cultural Landscape Plans and Reports that pro-
vide details for restoration and maintenance that 
relate specifi cally to natural resources.

Category 2: Natural resources signifi cant to legal 
mandates/policy

Mammoth Cave National Park has specifi c pro-
tection and responsibilities under the Clean Air 
Act because of its designation as a Class I air 
quality area.  Mammoth Cave National Park is 
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designated as an International Biosphere Reserve 
and contains a “Wild and Scenic River”.  Mam-
moth Cave and Little River Canyon both have 
water resources designated as “Outstanding Na-
tional Resource Waters” (ONRW).  The CUPN 
has nine parks with federally-listed plants, fi ve 
parks with federally-listed bats, two with feder-
ally-listed fi sh, and one with federally-listed mus-
sels and cave shrimp.  Additional federally-listed 
species may be discovered during the biological 
inventories that are underway during 2002-07.  
Five parks in the CUPN have caves, several of 
which need surveys and biological inventories.  
Wetlands mapping is currently underway in 
eleven parks. 

Category 3: Natural resources signifi cant to per-
formance management goals

Performance goals that are relevant to natural 
resource monitoring are summarized in Table 
1.6.  All 14 CUPN parks have invasive plant spe-
cies (Goal 1a1).  Nine parks in the CUPN have 
federally listed species (see Appendix C).  Mam-
moth Cave National Park is a Class I air quality 
area, and along with Cowpens, is monitoring Air 
Quality (see Appendix F: Air Quality Monitoring 
Considerations).  Some parks with Fire Manage-
ment Plans and active prescribed burning have 
weather stations (CUGA, LIRI).  Mammoth 
Cave National Park and Little River Canyon 
National Preserve include waters that have been 
designated as “Outstanding National Resource 
Waters”, whereas state 303d lists (impaired wa-

ters designations) include three water bodies in 
the Network: Lookout Creek in Chickamauga 
and Chattanooga NMP, the Green River in 
Mammoth Cave National Park, and the West 
Fork of the Stones River in Stones River National 
Preserve (see Appendix E: Water Quality Moni-
toring Considerations).

Category 4: Natural resources signifi cant for 
other reasons

Several parks have globally signifi cant species 
and communities according to ranks designated 
by The Nature Conservancy (NatureServe 2002-
04).  As the vegetation mapping and biological 
inventories progress, we can fully document 
these occurrences.  New discoveries already in-
clude: G1 forest type at Cumberland Gap, a G2 
granitic dome at Carl Sandburg, a G2/G3 glade 
at Chickamauga, and a G3 forest type found at 
Guilford Courthouse.  The current count of 
Globally Signifi cant species for the Network: fi ve 
G1s, forty-three G2s, eighty G3s, and three G4s 
(NPSpecies database).  These are summarized in 
Table 1.7.  Some natural resources were consid-
ered signifi cant for various other reasons, such as 
public appeal or management signifi cance.

1.4.2 Management and Scientifi c Issues for 
Network Parks

Scientifi c and management issues relevant to 
natural resource stewardship in the 14 CUPN 

Table 1.7  Number of species in Cumberland Piedmont parks that are 
ranked as “Critically imperiled”, “Imperiled” or “Vulnerable” 
by The Nature Conservancy.

TNC
Global
Rank

# CUPN 
Species

Status Description

G1 5 Critically 
Imperiled

Critically imperiled globally because of extreme rarity or because of 
some factor(s) making it especially vulnerable to extinction. Typically 
5 or fewer occurrences or very few remaining individuals (<1,000) or 
acres (<2,000) or linear miles (<10).

G2 43 Imperiled Imperiled globally because of rarity or because of some factor(s) 
making it very vulnerable to extinction or elimination. Typically 6 to 
20 occurrences or few remaining individuals (1,000 to 3,000) or acres 
(2,000 to 10,000) or linear miles (10 to 50).

G3 80 Vulnerable Vulnerable globally either because very rare and local throughout 
its range, found only in a restricted range (even if abundant at 
some locations), or because of other factors making it vulnerable to 
extinction or elimination. Typically 21 to 100 occurrences or between 
3,000 and 10,000 individuals.
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Table 1.8  Summary of priority natural resource issues for parks in 
the Cumberland Piedmont Network.

Management Issue # of 
Parks 
per Rank

Management/ 
Monitoring 
Question

Preliminary CUPN 
Actions

Partners

Adjacent Land Use 
Impacts

12-HIGH
2-MED

How is adjacent 
land use 
changing?

Evaluate existing GIS, 
data and standards for 
evaluation of landuse 
change. 

State Agencies, 
EPA, USGS

Invasive Plant 
Management

11-HIGH
3-MED

Are invasive plants 
spreading to new 
areas of park? 
Are new invasives 
approaching?

Coordinate with 
EPMT to map existing 
invasives and document 
encroachment in 
NPSpecies

Invasive Plant 
Management 
Team, State 
Invasive Pest 
Councils

Threatened and 
Endangered Species 
Management

10-HIGH
2-MED
1-LOW
1-UNK

Is current 
monitoring 
adequate and 
are data being 
managed to 
detect trends?

Evaluate current 
monitoring of T&E 
species to document 
protocols and 
incorporate datafl ow 
into NRDTemplate

FWS, 
NatureServe, 
State Heritage 
Programs

Fire Management 9-HIGH
3-MED
1-LOW
1-UNK

Are fuels building 
up enough to 
pose a serious 
threat to 
resources?

Coordinate with 
Fire Program to 
incorporate fuels 
data into current or 
planned fi eld activities

Fire Program, 
SERO, 
Univ of GA, 
NatureServe

Water Resources 
Management

8-HIGH
4-MED
2-UNK

Is water quality 
impaired per 
designated use 
standards?

Implement the 
CUPN-Water Quality 
Monitoring Plan. 
Coordinate with 
MACA hydrologists to 
begin sampling.

MACA, WRD

Native Terrestrial Plant 
Management

7-HIGH
4-MED
1-LOW
2-UNK

What are the 
major vegetation 
types, their 
distribution, and 
condition?

Continue vegetation 
and wetlands 
mapping projects and 
documentation of 
signifi cant communities.

NatureServe, 
Univ of GA, 
Tenn. Tech.

Air Resources 
Management

7-HIGH
3-MED
2-LOW
1-UNK

Are high levels of 
ozone impacting 
park resources?

Coordinate with ARD 
to determine which 
parks need additional 
ozone monitoring and 
foliar injury surveys

ARD, MACA

Cultural Landscape 
Management

6-HIGH
6-MED
2-LOW

What natural 
resources need 
manipulation 
signifi cant 
to cultural 
landscape?

Work with SERO-
Cultural Resources 
Division to evaluate 
restoration efforts 
involving natural 
resources

SERO-Cultural 
Resources 
Division
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Table 1.8  Summary of priority natural resource issues for parks in 
the Cumberland Piedmont Network, continued.

Management Issue # of 
Parks 
per Rank

Management/ 
Monitoring 
Question

Preliminary CUPN 
Actions

Partners

Forest Insects and 
Diseases

4-HIGH
8-MED

Are forest pests 
spreading into the 
park?

Work with USFS to 
determine which parks 
are currently covered 
by FHM or FIA plots

USFS

Visitor Use Impacts 4-HIGH
6-MED
2-LOW
2-UNK

Is trail use (horse, 
bike) impacting 
natural resources? 
Are rock climbing 
activities (CHCH, 
LIRI) impacting 
natural resources 
(esp. rare species)?

Conduct a literature 
review to determine 
which units in NPS have 
active trail/rock climbing 
monitoring, what 
research studies have 
been done, and what 
management actions 
have been taken.

Other NPS 
units with 
active trail/
rock climbing 
monitoring

Poaching and Theft of 
Natural Resources

4-HIGH
5-MED
2-LOW
3-UNK

What resources 
are at threat 
from poaching? 
Is poaching 
occurring?

Evaluate data from 
plant surveys and fi eld 
plots to determine 
presence, location, and 
extent of  populations 
known to be at risk

NatureServe, 
State Heritage 
Programs, 
MACA

parks are summarized in Table 1.8.  These issues 
were identifi ed and ranked (high, medium, low) 
by park managers and were discussed during the 
Phase I workshops.  For a complete list of park 
management issues see Appendix G.  

These issues are also described in the following 
documents:

Appendix A: Summary of parks in the Cum-
berland Piedmont Network

Appendix B: Conceptual Framework for the 
Development of Long-term 
Monitoring Protocols at Mam-
moth Cave National Park, Ken-
tucky

Appendix C: Overview of special habitats and 
Threatened and Endangered 
species

Appendix E: Water Quality Monitoring Pro-
gram for the CUPN

Appendix F: Air Quality Monitoring Program Appendix F: Air Quality Monitoring Program 
for the CUPNfor the CUPN

1.5  Summary of Existing Monitor-
ing and Partnership Opportunities 
for Network Parks

We conducted a survey of current and historical 
monitoring eff orts within the Network parks to 
identify opportunities to continue, modify, or ex-
pand existing programs.  In-park monitoring ef-
forts (prior to 2003) are summarized in Table 1.9, 
and additional details for historical and current 
monitoring eff orts are presented in Appendix H.

To help us develop partnerships with monitor-
ing eff orts being conducted by other federal and 
state agencies, we reviewed national, regional, 
and other park monitoring eff orts that may be 
relevant to natural resource monitoring in our 
Network.  These ‘outside the parks’ monitoring 
eff orts are summarized in Appendix I. 
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Table 1.9  Summary of Monitoring Prior to Vital Signs Program (2002).
Current Monitoring (C, data collected within last 5 years) and Historical (H, data collected 
more than 5 years ago).  Monitoring work funded by the NPS is indicated by shading the cell.

Current Monitoring
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Adjacent Land Use C C 2

Air Quality:

Ozone C C 2

Visibility C 1

Particulates C 1

Deposition C C 2

Toxics C 1

Cave Atmospheric C 1

Fire Effects C C C 3

Geologic Resources 0

Soundscape 0

Visual landscape C 1

Water Quality:  0

Ground Water H C C C C C C H C C 10

Surface Water C C C C C C C C C C 10

MacroInvertebrates C C 2

Wetlands C C 2

Stream Morphology C C 2

Aquatic Biology H C C C 4

Aquatic Biology Cave H C H 3

Amphibians C C 2

Birds C 1

Fish C 1

Forest Health C 1

Insects Cave C 1

Mammals: Bats C C 2

Woodrat C 1

Muskrat, Otter C 1

Mussels C 1

Pest Species (Gypsy Moth) C 1

Vegetation:   0

Poached Plants C 1

Rare Plants C C C C C 5

Vegetation Communities H H H C 4

Non-vascular Plants C 1

Invasive Plants C C C C 4
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2.1  Introduction and Approach

A conceptual model is a visual or narrative sum-
mary that describes or identifi es the important 
components of a system, and the possible in-
teractions among them. For ecosystems, such 
models may include biotic and abiotic com-
ponents, such as organismal populations and 
physical properties of the environment, plus an 
array of interactions that can include how agents 
of change infl uence the structure and function 
of the natural system. Conceptual models can 
illustrate the interconnectedness of ecological 
processes, both as they occur in nature and as 
they respond to anthropogenic infl uences. Con-
ceptual models further help identify how major 
drivers and stressors will impact ecosystem com-
ponents (Barber 1994) and provide a framework 
for communication among scientists and park 
managers from diverse disciplines.

2.1.1  What will NPS Ecological Monitoring 
Programs Learn From Conceptual Modeling?

Conceptual models can provide several key ben-
efi ts to ecological monitoring programs: 

2 Understanding ecosystem structure, func-
tion, and interconnectedness at varying tem-
poral and spatial scales enables identifi cation 
of appropriate vital sign indicators for assess-
ing overall ecosystem condition and associ-
ated trends (Plumb 2002). 

2 Conceptual ecosystem models assist us in 
thinking about the scope and context of the 
processes that may aff ect ecological integrity 
(Karr, 1991).

2 Perhaps most essential to eff ective monitor- Perhaps most essential to eff ective monitor-
ing program design and development, mod-ing program design and development, mod-
els serve as robust, cross-disciplinary heuris-els serve as robust, cross-disciplinary heuris-
tic devices during the program-development 
process (Allen and Hoekstra 1992).

2.1.2  Preparation and Selection of 
Conceptual Models

Conceptual models designed for monitoring 
programs must present useful system informa-
tion in formats that are acceptable and accessible 
to the personnel involved. Good models provide 
suffi  cient amounts of appropriate information to 
support eff ective decision-making, while avoid-
ing surplus and overly-detailed information that 
can impede and delay the development process 
the models are created to support.  A conceptual 
model is a purposefully overly-simplifi ed and 
distorted depiction of a complex system. Models 
present very limited and, often, focused informa-
tion and should always be clearly understood 
as very imperfect (and potentially misleading) 
representations of real systems.  There are three 
general types of conceptual models typically in 
use in monitoring programs:

2 Narrative models portray an ecosystem 
through word description, mathematical or 
representational formula.

2 Tabular models generally describe an ecosys-
tem by presenting a two-dimensional array 
of related system components in the familiar 
row-and-column format.

2 Schematic models appear in three forms: (1) 
Picture models that depict ecosystem func-
tion, vary from simple XY plots to complex 
diagrams and drawings; (2) Box-and-arrow 
schematic models that provide simplifi ed 
ecosystem representations focused on the 
key system components and a limited set of 
the interrelationships among those compo-
nents; and (3) Input/output matrix models, a 
subset of box-and-arrow models, that explic-subset of box-and-arrow models, that explic-
itly indicate mass-cycling and/or energy-fl ow itly indicate mass-cycling and/or energy-fl ow 
among ecosystem components.among ecosystem components.

In the development of the CUPN-MACA eco-In the development of the CUPN-MACA eco-
logical monitoring program the “Box-and-arrow” logical monitoring program the “Box-and-arrow” 
schematic format was chosen for our conceptual schematic format was chosen for our conceptual 

Chapter TwoConceptual Ecological Models

The basic purposes of 
conceptual models are 
to:  

• Conceptualize 
ecosystem structure, 
function, and 
interconnectedness 
(cumulative, holistic, 
multi-scale)

• Identify major drivers, 
stressors, attributes 
affected, impacts, and 
indicators at a broad 
level

• Help select “Vital Signs” 
to detect ecological 
condition changes
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models. The program quickly recognized that the 
ease-of-use and accessibility of box-and-arrow 
schematic models off ered compelling reasons 
for using this simpler and more intuitive format. 
Box-and-arrow models are easily discussed in 
meetings where participants represent diverse 
disciplines, levels of technical sophistication 
and perspectives. A salient additional advantage 
to the box-and-arrow format is the relative ease 
with which a larger model may be usefully di-
vided into smaller sub-models. This adaptability 
was key to the CUPN-MACA Vital Signs Priori-
tization Processes, as it allowed us to effi  ciently 
and eff ectively partition complex ecosystems into 
small, coherent, portions for team consideration. 
This partitioning supports a discussion-based, 
hierarchical and step-wise approach to the com-
plex decision-making that underlies prioritizing 
among many resources or potential monitoring 
subjects, where all candidates are “important”, 
yet only a few can be eff ectively considered at 
any one time within a limited program.     

2.2  Development of Conceptual 
Models and Sub-Models

Integral to the CUPN-MACA processes for priori-
tization of Vital Signs was the use of diagrammatic 
conceptual models. These models were developed 
in hierarchical order by assembling the resource 
and management information for the Network 
parks, followed by development of general eco-
system models, followed by development of sub-
models. This modeling process is summarized in 
Figure 2.1, and elements should be considered in 
relation to the other components of the overall 
Vital Signs Prioritization Process introduced in 
Chapter 1 and completed, with prioritization of 
the selected Vital Signs, in Chapter 3.

2.2.1  Selection of Major Ecosystems

The CUPN-MACA Monitoring program em-
ployed two major sets of models: 1) general 
ecosystem models that present park resources in 
a broadly ecologically-functional arrangement 
within a few major ecosystem types, and 2) sub-within a few major ecosystem types, and 2) sub-
models that focus on sub-sets of functionally models that focus on sub-sets of functionally 
linked resources selected from the general eco-linked resources selected from the general eco-
system models. system models. 

Early in 2002, program teams recognized that 
the natural resources and management issues 

identifi ed in the Phase I scoping workshops 
could be eff ectively grouped into three general 
intuitive levels of ecological organization (sensu 
GRYN 2003), an “aquatic ecosystem” type, a 
vegetation-based “terrestrial ecosystem” type, 
and a third, more narrowly defi ned ecosystem 
type focused on caves. Both the MACA Proto-
type and the rest of the CUPN recognized that 
park resources could be reasonably divided 
among any number of ecosystems within these 
three general levels, depending upon the relative 
breadth or narrowness of the defi nitions em-
ployed. It also was realized that a smaller number 
of more general, “lumped” ecosystem models 
would be more useful in the early phases of our 
process than would be a larger set of more nar-
rowly and precisely defi ned ones. 

The next step was to hold an “ecosystem mod-
eling” workshop at Great Smoky Mountains 
National Park (GRSM) in July of 2002. This 
workshop brought program staff  from CUPN, 
MACA, and the Appalachian Highlands Network 
(APHN), together with professional ecologists 
from diverse government agencies and academe 
for the purpose of detailing general “aquatic eco-
system” and “terrestrial ecosystem” models. The 
outcomes of this workshop included detailed 
lists of ecosystem attributes, drivers, stressors, 
potential indicators, and potential measures for 
system components, and draft models depicting 
subsets of the general systems.  Development of 
the cave ecosystem model was initiated after-
wards at a workshop hosted by MACA in April 
2003. 

Based upon the detailed outcomes of the GRSM 
modeling workshop, work began to develop con-
ceptual models for general aquatic, terrestrial, 
and cave “ecosystems”. Primary development 
of the these models was undertaken by Dr. R. 
Woodman (USGS-BRD Ecologist at MACA) 
with assistance from the MACA Prototype work 
team and professional ecologists from other 
agencies and academe. Additional modeling was 
performed by Dr. J. Ranney, an ecologist from 
the University of Tennessee, who was working 
with CUPN under a cooperative agreement. It 
was agreed that each conceptual model would 
present a set of ecological attributes, major sys-present a set of ecological attributes, major sys-
tem-level drivers, anthropogenic stressors, and tem-level drivers, anthropogenic stressors, and 
major processes important within the system.major processes important within the system.

Sub-Models
Development

Ecosystem Conceptual
Modeling Process

MACA & CUPN
Sub-Models

Ecosystem
Conceptual Model

Ch. 2

Ch. 3 Criteria Development & the 
VS Prioritization Process

Ch. 1 Identification of Ecosystem
  Resources and
  Management Issues

Figure 2.1  Process Model 
depicting the Chapter 2-related 
elements of the CUPN-MACA 
overall Vital Signs Selection 
and Prioritization Processes. 
The highlighted elements are 
discussed in this chapter.
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2.2.2  Selection of the Major Ecosystem Sub-
Models

Large sets of ecosystem sub-models were de-
veloped for the CUPN-MACA Monitoring 
program. These became the key support tools 
used in the Vital Signs Prioritization Process 
performed by program teams during several 
workshops, as described in Chapter 3. Each 
sub-model was a reduced and focused depic-
tion of a subset of system attributes drawn from 
one of the three general ecosystem models. The 
MACA Prototype developed an initial set of 18 
sub-models, which then were sorted and ranked 
(Chapter 3). The rest of the CUPN selected and 
developed a separate set of eleven sub-models. 
The selection process to determine which sub-
models would ultimately be developed diff ered 
between the MACA Prototype and the rest of the 
CUPN. 

Selection of the original 18 MACA sub-models 
was performed by the MACA Prototype work 
team through discussion of park management is-
sues, historical research, and ecological resource 
information developed in the Phase I scoping 
workshops (Table 2.1). Several attributes and as-

sociated sub-models were identifi ed for develop-
ment from each of the three general ecosystem 
models.

As an example of this identifi cation process, eco-
logical function of the cave ecosystem is of inter-
est to MACA park management and one key is-
sue is the continued import of organic nutrients 
into the cave system from the surface ecosystem. 
Imported organic matter is the source of virtu-
ally all nutrients available to the cave system. The 
cave cricket, Hadenoecus subterraneus, is widely 
understood to be a key importer of organic mat-
ter in the cave system, as it forages on surface 
plant matter, and defecates in caves (Helf 2003).

This information led to the selection and devel-
opment of a cave-cricket-based, nutrient-import, 
sub-model. This sub-model centers on cave 
crickets, and includes a variety of ecosystem at-
tributes, drivers, and stressors which putatively 
aff ect or functionally relate to the crickets. 

Selection of sub-models by the rest of the CUPN 
was based upon identifi cation and prioritization 
of specifi c park monitoring questions posed by 
individual park managers. In parallel processes, 
managers at MACA and the several other CUPN 
parks were asked to develop prioritized short-
lists of their most important or salient monitor-
ing questions. MACA management was asked to 
develop a “Top Ten” list, while each of the other 
Network parks was asked for a park-specifi c 
“Top Five” list. The complete list of MACA’s top 
monitoring questions is presented in Appendix B 
(p.29) and for the remaining CUPN parks in Ap-
pendix J. A summary of park monitoring inter-
ests addressed in those questions are presented 
below in Table 2.2. 

The ”top ten” monitoring questions for MACA 
were used as tools in the park’s Vital Signs Pri-
oritization Process (Chapter 3, Section 3.2), 
but were not used to guide selection of the 18 
original MACA sub-models. Using a slightly dif-
ferent approach to streamline the process across 
multiple parks, the rest of the CUPN focused on 
the “top fi ve” monitoring questions to develop 
sub-models.  The sub-models and monitoring 
questions were then used during each Network 
park’s prioritization workshop (Chapter 3, Sec-
tion 3.2).  See Table 2.3 for a complete listing of 
CUPN sub-models (without MACA) and Ap-
pendix K for sub-model diagrams.

Table 2.1   MACA Ecological 
                  Sub-Models
Sub-Model

1  Cave River

2  Cave Air

3  Cricket Guano + Nutrients

4  Woodrat Guano/Litter

5  Bat Guano + Nutrients

6  Other Visitors Guano +

7  Benthic Macroinvertebrates

8  GR Fish Community

9  Mussel Community

10  Muskrats

11  Aquatic Birds

12  Aquatic Reptiles/Amphibians

13  Specifi c Vegetation

14  Soil & Mycorrhizae

15  Land Birds

16  Vernal Pools

17  Grazer – Deer

18  Grazer – Turkey
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Table 2.2  Summary of Priority Monitoring Interests Identifi ed by 
Individual Parks.

Top Monitoring Issues for Sub-Model Development Number of Parks Program Element

Adjacent land-use impacts on park resources 14 CUPN & MACA

Air quality and its effect on park resources 14 CUPN & MACA

Invasive species and diseases in forests 14 CUPN & MACA

Forest community changes  13 CUPN

Water quality changes in park 11 CUPN & MACA

Species of Concern changes in populations 9 CUPN & MACA

Deer impacts on forests 7 CUPN & MACA

Prescribed Fire Impacts 6 CUPN & MACA

Changes in grasslands, open forest, cedar glades 5 CUPN

Invertebrate populations (aquatic and terrestrial) 5 CUPN & MACA

Cave Air and Cave Biota 4 CUPN & MACA

Cliff habitats affected by recreational use 3 CUPN

Impacts to plants from poaching 2 CUPN & MACA

Changes in bird populations 2 CUPN

Changes in lichen and moss communities 2 CUPN

Changes in soil affecting plant communities 2 CUPN

Changes in wetland/bog qualities & biology 2 CUPN

Nutrient inputs in cave ecosystems 1 MACA

Table 2.3  Cumberland Piedmont Network Ecosystem Sub-Models 
(MACA not included).

ABLI   

CARL     

CHCH      

COWP    

CUGA     

FODO   

GUCO  

KIMO    

LIRI      

NISI    

RUCA   

SHIL     

STRI         
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Table 2.4  Conceptual Model Components and Defi nitions

Symbol Model Component

Drivers are major, naturally occurring, forces of change such as climate, fi re 
cycles, biological invasions, hydrologic cycles, and natural disturbance events (e.g., 
droughts, fl oods, lightening-caused fi res) that have large-scale infl uences on the 
Attributes of natural systems.

Stressors are physical, chemical, or biological perturbations to a system that 
are either (a) foreign to that system or (b) natural to the system but applied 
at an excessive [or defi cient] level (Barrett et al., 1976:192).  Stressors cause 
signifi cant changes in the ecological components, patterns and processes 
in natural systems.  Examples include air pollution, water pollution, water 
withdrawal, pesticide use, timber harvesting, traffi c emissions, stream 
acidifi cation, trampling, poaching, and land-use change.  They act together with 
Drivers on ecosystem Attributes.

Monitoring Attributes are any living or nonliving feature or process of the 
environment that can be measured or estimated and that provide insights into 
the state of the ecosystem.  The term Indicator is reserved for a subset of 
Attributes that is particularly information-rich in the sense that their values are 
somehow indicative of the quality, health, or integrity of the larger ecological 
system to which they belong (Noon 2003).  Indicators are a selected subset of 
the physical, chemical, and biological elements and processes of natural systems 
that are selected to represent the overall health or condition of the system, 
known or hypothesized effects of Stressors, or elements that have important 
human values.

Major Ecological Processes that occur within ecosystems.  Processes may 
include succession, extirpation and extinction, organismal population growth 
and reproduction, emigration and immigration (migration), nutrient cycling, etc.

Grouping Nodes are modeling symbols that do not represent a particular 
feature of an ecosystem, but serve as a tool for bundling multiple relational 
arrows in order to reduce visual clutter in ecosystem models.

Ecological effects (not illustrated in the conceptual model but included in the 
description of stressors and attributes) are the physical, chemical, biological, or 
functional responses of ecosystem Attributes to Drivers and Stressors.

2.2.3  How Do We Model It?    2.2.3  How Do We Model It?    2.2.3  How Do We Model It?

The CUPN-MACA Vital Signs Prioritization 
Processes used general ecosystem conceptual 
models and system sub-models in “box-and-ar-
row” formats which tied their components with 
non-specifi c “eff ects” arrows. To provide unifor-
mity among the various ecosystem components, 
both program elements used a general modeling 
process and consistent format. A model’s content 
and arrangement were developed following re-
view of the information derived from the Phase 
I scoping workshops and a review of scientifi c 
literature. Major foci in the information and lit-
erature reviews included:

2 Identifi cation of specifi c resources vulnerable 
to natural and anthropogenic disturbances.

2 Identifi cation of principal ecosystem drivers 
and stressors, their presumed eff ects, and the 
probable ecosystem responses to them.

2 Identifi cation of specifi c actions that lead to 
understanding the present status and trends 
within an ecosystem and its components.

2 Identifi cation of signifi cant concerns and 
questions that may be addressed through 
short- and long-term monitoring.
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Outcomes of the information and literature re-
views included narrative summary descriptions 
of the three general ecosystems (aquatic, cave, 
and terrestrial) and their major resources, system 
drivers, anthropogenic stressors, and a list of 
literature cited. Moreover, staff  developed “box-
and-arrow” conceptual models for each major 
ecosystem, along with a large number of derived 
sub-models using standardized symbols and 
defi nitions (Table 2.4).  

Two other useful components; potential indica-
tors, and specifi c measures, are not presented 
in the MACA-CUPN models, in contrast to 
the practice seen in some other programs (e.g., 
GRYN 2003). We do not present these compo-

nents in our general ecosystem models, or in 
our sub-models, as these components require, 
in most cases, considerable additional and spe-
cifi c development, and inclusion of most such 
elements would not substantially contribute to 
eff ective Vital Signs prioritization within our 
process. Further consideration of potential mea-
sures and indicators will be a key element of the 
ongoing process to select and/or develop proto-
cols. Development of measures and indicators is 
currently underway in the process of developing 
monitoring protocols for some ecosystem at-
tributes already prioritized by the program (see 
Appendix B, p.47 for list of protocols selected for 
initial development by MACA in FY2004-2006). 
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Figure 2.2  The generalized “Vegetation-based Terrestrial Ecosystem” model used as a program tool for selection of system sub-models. This 
model presents several major drivers, anthropogenic stressors, biotic and abiotic system attributes, and some putative connections among 
these, in a generalized, hierarchical format. Note that “park management” and “off-park development” are identifi ed as elements that may 
have diverse infl uences on many aspects of the general system. Symbols and defi nitions are given in Table 2.4.
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2.2.3.1  The General Ecosystem Models – 
an Example

Figure 2.2 provides an example of the general 
terrestrial ecosystem model used by both the 
MACA Prototype and the rest of the CUPN as 
a reference for developing system sub-models. 
This model depicts, in a hierarchical diagram, 
some of the major drivers, stressors, biotic and 
abiotic ecosystem attributes that are found 
within this ecosystem. These are depicted with 
labeled boxes following the convention for sym-
bols identifi ed in Table 2.4. Arrows and lines 
depict existence of some putative or likely in-
teractions between and among adjacent model 
components. The magnitude and specifi c type(s) 
of interactions are not indicated by the arrows 
on this model. In addition, any one connecting 
arrow may encompass a composite of several 
interactions, and does not distinguish amongst 
these. It also should be recognized that direc-
tionality of arrows does not accurately indicate 
a real ecological asymmetry of interaction. In 
general, ecological interactions can have recip-
rocal elements (e.g., predators can impact prey 
populations by direct mortality; prey can, in turn, 
aff ect their predators through many routes, not 
limited to basic supply and resource-availability 
eff ects). These specifi cs will be analyzed fully 
within the context of protocol development.

The hierarchy in this model decreases as one 
reads from left to right. Large-scale forces (sys-
tem drivers and stressors) that act broadly across 
the system, such as weather, climate, air and 
water pollution, natural and altered fi re regimes, 
are arrayed on the left side. A generalized set of 
(mostly) biotic and abiotic system attributes, to-
gether with some ecological process and possible 
interactions amongst these attributes are arrayed 
within a large box on the right of the model. Ma-
jor biotic attributes are represented with broad 
taxonomic labels, such as “birds” or “insects”. 
The large box enclosing the set of system attri-
butes is a simplifying structure—it groups togeth-
er a large set of attributes that will collectively 
be impacted or aff ected (albeit in many diff erent 
ways) by a common force. For example, stochas-
tic weather events (storms) can diversely impact 
a forest ecosystem by damaging trees, killing or 
dislocating diverse fauna, creating understory 
impacts through fl ooding and mudslides, etc. In impacts through fl ooding and mudslides, etc. In 
a diff erent, but equally broad manner, airborne a diff erent, but equally broad manner, airborne 
contaminants and pollution may impact several contaminants and pollution may impact several 
trophic levels within the system. This highly trophic levels within the system. This highly 
simplifi ed model groups broad-scale impacts 
through a format that reduces the need for many 

arrows that could occlude model components. 
Ecological responses, such as changes in popu-
lation dynamics or distributions are implicit in 
this model, and are fully developed within the 
context of the actual Vital Signs Prioritization 
Process. Potential system indicators are, likewise, 
implicit. Indicators may occur at almost any level 
within a system, up to and including measures of 
anthropogenic stressors. For example, an inva-
sive species population is both a stressor and a 
potential indicator of ecosystem condition. Po-
tential indicators, like ecological responses, are a 
useful focus for discussion within the context of 
prioritization workshops.

2.2.3.2  An Example of a System Sub-Model

Figure 2.3a presents one example of a system 
sub-model used by the MACA Prototype. In 
general, the sub-models are simplifi ed, smaller-
scale versions of the general ecosystem model. 
Sub-model format and symbol-usage follow that 
used for the general ecosystem models. Figure 
2.3a shows the sub-model used in discussion of 
attributes associated with nutrient-import into 
cave ecosystems. Parks with cave ecosystems are 
concerned with the import of organic matter 
into caves as the primary system nutrient-source. 
This sub-model identifi es several potential or-
ganic-matter importers (bats, woodrats, crickets, 
etc.), together with several system attributes that 
relate closely to one or more of these importer 
taxa, plus system attributes (dependent user 
taxa) that relate to the imported organic-matter. 
An important composite in-cave system driver 
(cave air quality) is included, as this component 
is both within the actual cave-system, and is a 
direct responder to both management actions 
and natural surface weather and climate condi-
tions. Other system drivers and stressors, mostly 
directly associated with surface ecosystems and 
environmental conditions, and only indirectly 
impacting within caves, are grouped into the 
“surface-factors” box. 

It was recognized that many sub-models would 
refer to the same set of system drivers and stress-
ors such that their incorporation would become ors such that their incorporation would become 
repetitive. Also, many of the drivers and stress-repetitive. Also, many of the drivers and stress-
ors did not need to be ranked within our Vital ors did not need to be ranked within our Vital 
Signs Prioritization Processes, because they were Signs Prioritization Processes, because they were 
already being monitored by various parks and already being monitored by various parks and 
programs. To simplify and reduce redundancy programs. To simplify and reduce redundancy 
among sub-models, most system drivers and an-among sub-models, most system drivers and an-
thropogenic stressors were grouped into a single 



Cumberland Piedmont Network and Mammoth Cave National Park Prototype  

42

“surface factors model” (Figure 2.3b) that could 
be referenced as needed during the prioritization 
process. Within most sub-models, these col-
lected drivers and stressors were identifi ed in a 
box labeled “surface factors” and placed on the 
left side of the model. The left-side placement 
conforms to the general hierarchical relation-
ship used for system drivers and stressors in 
the general ecosystem models. As noted above, 
the “surface-factors” were thus included in the 
sub-models as a separate, non-ranked, collective 
component. 

2.3  Summaries of Ecosystem Drivers, Stress-
ors, and Attributes

The list in Appendix L contains descriptions of 
major drivers, stressors, and attributes identi-
fi ed in the conceptual models developed by the 
CUPN-MACA Monitoring program. Most of the 
system elements listed below may be found in 
the example model presented in Figure 2.2. See 
additional ecosystem models in Appendix B for 
further usage.

Ecosystem Drivers are the major natural forces 
of change that determine the state and function 
of ecosystems.  These are important because they 
defi ne the baselines and natural ranges of ecologi-
cal change and stability.  They begin the process 
of defi ning how an ecosystem works.  They act 
on the ecosystem elements (i.e., attributes) and 
processes in combination with major stressors to 
generate change or stability.  The dominant driv-
ers for the ecosystems considered for monitoring 
by the CUPN-MACA program are: air chemistry, 
climate and weather, grazers, landscape patterns, 
natural disturbance regimes, soil chemistry, and 
water quality and water quantity.  Descriptions for 
each of these can be found in Appendix L.

Ecosystem Stressors are human-generated 
(anthropogenic) forces and system components 
(i.e., chemical pollutants or introduced invasive 
species), or anthropogenic alterations of natural 
forces and system components (i.e., modifi ed fi re 
regimes or stream-fl ow regimes), that act in com-
bination with naturally occurring drivers to in-
fl uence ecosystem function, stability and change.  fl uence ecosystem function, stability and change.  
Stressors are important to identify because they Stressors are important to identify because they 
are the likely agents of undesirable ecosystem are the likely agents of undesirable ecosystem 
changes, and may provide important insight changes, and may provide important insight 
into how the ecosystem is changing, and which into how the ecosystem is changing, and which 
conditions may be most important to monitor.  conditions may be most important to monitor.  
Stressors considered in the models include air 

quality degradation, global climate change, inva-
sive species, landuse change, resource extraction, 
water quality degradation, water quantity altera-
tion, and visitor use impacts.  Descriptions of 
these stressors are also included in Appendix L.

Attributes are elements or processes of the 
ecosystem, which can be aff ected by drivers and 
stressors.  Understanding how attributes (po-
tential indicators) are aff ected by stressors and 
drivers helps defi ne monitoring priorities.  For 
simplifi cation, the major attributes are grouped 
within three broad types: abiotic, biotic, and 
processes.  Specifi c examples of attributes con-
sidered for ranking as part of the program’s Vital 
Sign Prioritization Process are described in Ap-
pendix L.  Abiotic attributes include air quality, 
landscape patterns, soil chemistry, visibility and 
sound, water quality, water quantity, weather and 
climate.  Biotic attributes are vegetation com-
position and structure, fauna and related biotic 
characteristics. 

Signifi cant processes considered were distur-
bance regimes caused by the stresses of climate 
change, land use change, invasive species intro-
ductions, declining air quality, and altered fi re 
cycles.  Synergies among these stressors (e.g., 
climate change and decreased air quality) can 
increase vulnerability to other stressors (e.g., 
invasive species and fi re).  Change in distur-
bance regimes can infl uence several ecosystem 
processes (productivity, nutrient dynamics, and 
interspecifi c interactions) as well as the viability 
of species at risk, the role of invasive species, 
population genetics, and biodiversity.  Measures 
of changing disturbance regimes consequently 
off er some good indicators of ecosystem condi-
tion across several other attributes.

Signifi cant ecosystem processes include pro-
ductivity, nutrient dynamics, soil erosion/deposi-
tion, cave geologic processes, bioaccumulation 
(including trophic structure), succession, and 
interspecifi c interactions (e.g., predation).  When 
these change, many other attributes will be 
changed.  The stressors of climate change, air 
quality degradation, water quality degradation, 
landuse change, and changes in hydrology (water 
quantity) act on these processes.  Specifi c eco-quantity) act on these processes.  Specifi c eco-
logical changes include loss of nutrients, altered logical changes include loss of nutrients, altered 
rates and patterns of succession, changes in bi-rates and patterns of succession, changes in bi-
otic composition (biodiversity), and altered habi-otic composition (biodiversity), and altered habi-
tat patterns.  Ecosystem processes considered for tat patterns.  Ecosystem processes considered for 
ranking by the program include bioaccumula-ranking by the program include bioaccumula-
tion, succession, encroachment, predation, nutri-tion, succession, encroachment, predation, nutri-
ent cycling, and soil erosion/deposition. 
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Figure 2.3a  The cave-cricket-guano-based nutrient import sub-model. This model schematically depicts 
several ecosystem attributes that are functionally related to cave cricket populations and cricket guano 
deposition in caves. The model elements are arrayed in a hierarchical “path”, with arrows denoting 
putative major infl uences between adjacent elements. Surface vegetation is a major (and thus possibly 
regulating) resource for crickets on the surface. Cave entrances (and park management of entrances) 
infl uence cricket movement in and out of caves. Cave air conditions may strongly affect crickets in caves. 
Cricket guano serves as the primary food source for many other species of cave fauna. Cricket eggs 
represent a second cricket-based food source for various cave organisms. Non-boxed elements (mgmt, 
visitors, etc.) are non-ranked potential sources of impact on the various components of the cricket-based 
guano-import nutrient route into the cave ecosystem.  

Figure 2.3b  The general “Surface Factors Model”. This model groups the major natural system drivers 
and anthropogenic stressors that are associated with many ecosystems into a “reference box” for  use 
during discussion of system sub-models in the Vital Signs ranking process. The model lists drivers, 
stressors, some possible measures, and some putative major “effects” connections among them.

Cricket Guano Nutrient Import Sub-ModelCricket Guano Nutrient Import Sub-Model



Cumberland Piedmont Network and Mammoth Cave National Park Prototype  

44



  Vital Signs Monitoring Plan

45

3.1  Development of Vital Signs 
Prioritization and Selection 
Processes

3.1.1   Guiding Principles

The guiding principles in developing our pri-
oritization processes were that they had to take 
both park management needs and ecological 
validity into account, be reasonably objective, 
and be “user-friendly” to scientists and resource 
managers with diverse perspectives and levels 
of technical expertise. Both CUPN and MACA 
sought to develop short lists of good attributes, 
yet, many more attributes exist than can be ef-
fectively monitored under even the most ambi-
tious and wide-reaching programs. The solution 
to this challenge was to develop and implement 
an eff ective “Vital Signs” prioritization and selec-
tion process, to create a focused, size-limited 
program.

A key step in achieving functional understanding 
of park ecosystems in this context was to identify 
the highest priority system “drivers” (i.e., sur-
face water and air quality) and “stressors” (i.e., 
adjacent landuse, invasive plants) and set them 
aside as “givens” that did not need to be further 
ranked in the Vital Signs prioritization process.  
These components were already identifi ed as 
“high priority Network-wide” in the Phase I 
Scoping workshops, and will be monitored on 
CUPN parks regardless of what other ecosys-
tem attributes are selected. This simplifi cation 
allows the program to focus on the attributes 
(resources) within the ecosystems as being po-
tential respondents to the regional and national-
scale (generally supra-park or off -park in origin) 
stressors and drivers.

3.1.2   General Description of Process

The Vital Signs Prioritization Process involved 
multiple-step, conceptual-models and formal 
criteria-based, team decisions (Figure 3.1). The 
primary purpose was to provide objective identi-
fi cation and ranking of ecosystem Vital Signs that 
would be the focus of long-term monitoring by 
the program. Explicitly, our process fi rst identi-
fi ed Vital Signs as being suitable for monitoring, 
then ranked or prioritized them. The ranking 
process considered a Vital Sign’s relative impor-
tance and whether it could be eff ectively moni-
tored in the context of realistic resource-limita-
tion. This included consideration of ecological 
relevance, park management needs, policies and 
legal mandates, and monitoring effi  cacy in the 
fi nal determination of rank.

Our process was based on team discussion and 
analysis of conceptual models that summarize 
diverse abiotic and biotic components and func-
tional aspects of ecosystems. One key feature was 
the use of simplifi ed “sub-models” that focus 
on small sections of ecosystems. The sub-model 
approach served to focus team attention onto 
relatively compact portions of large (and less 
accessible for the non-expert) systems, and par-
titioned Vital Sign-ranking into smaller, discrete 
tasks for more effi  cient performance by diverse 
teams. The conceptual models were discussed in 
detail in Chapter 2. Another key feature of the 
ranking process was the use of defi ned selection 
criteria, together with a defi ned numerical scor-
ing system, to quantify each Vital Sign ranking. 
This strategy permitted a high degree of objectiv-
ity in the selection process. Greater objectivity 
lends greater credence to the overall process, 
increases our confi dence in the outcome, and 
enhances the validity of our program overall. enhances the validity of our program overall. 

Another essential component in process imple-Another essential component in process imple-
mentation was the use of a team discussion mentation was the use of a team discussion 
format. This format emphasized open discussion format. This format emphasized open discussion 
of models, Vital Signs, issues and concerns, and of models, Vital Signs, issues and concerns, and 
application of criteria and scoring in a consen-application of criteria and scoring in a consen-
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sus-based manner that sought active contribution 
from all team participants. Team discussion and 
consensus-building also enhanced objectivity 
while supporting real consideration of diverse 
perspectives, expertise, and interests of park man-
agers and the contributing “outside experts”.           

3.1.3  Criteria, Scoring Systems and 
Weighting 

The criteria for Vital Signs Prioritization, the as-
sociated sub-criterion questions, and a numeri-
cal scoring system were developed following 
review of similar processes used in development 
of other NPS ecological monitoring programs 
(Silsbee and Peterson 1991, Peterson, et al. 1995, 
and Thomas, et al. 2001) . MACA developed pri-
oritization or selection criteria for two discrete 
ranking steps. Two criteria were developed for 
the fi rst, sub-model ranking step. One addressed 
whether the sub-model was of major impor-
tance or interest to park management, the other 
addressed the central ecological relevance of 
the sub-model being considered to our under-
standing it’s larger (parental) ecosystem. Four 
additional criteria, each incorporating one or 
more sub-criterion questions, were developed 
for the second, Vital Signs ranking step. These 
four criteria addressed the ecological importance 
or relevance of the vital sign to understanding its 
ecosystem, the vital sign’s relative “robustness” 
and ability to help explain other sub-models and 
Vital Signs, the vital sign’s signifi cance or impor-
tance to park management, and the effi  cacy or 
anticipated feasibility of monitoring the consid-
ered vital sign. In the MACA process, all criteria 
and associated sub-criterion questions carried 
equal weight and were scored on a common nu-
merical scale ranging from 0 to 3. For details of 
the MACA criteria and scoring, see Appendix B 
(pp. 35-39 and 93-94). 

The CUPN Vital Signs Prioritization process 
derived from that developed by MACA, but the 
process varied from the original in several ma-
jor ways: First, the CUPN process dropped the 
sub-model-ranking step used by MACA, and 
functionally replaced it with the park-specifi c 
sub-models identifi cation procedure described sub-models identifi cation procedure described 
in Chapter 2. Second, CUPN re-wrote and in Chapter 2. Second, CUPN re-wrote and 
combined some of the criteria and associated combined some of the criteria and associated 
sub-criterion questions to improve their clarity sub-criterion questions to improve their clarity 
and applicability in the Network process, fol-and applicability in the Network process, fol-
lowing comments received from users in early lowing comments received from users in early 
trials. Although CUPN’s revisions retained the 

central focus of the criteria used by MACA, they 
were signifi cantly re-structured. The CUPN cri-
teria-categories addressed ecological signifi cance 
of Vital Signs, signifi cance of the Vital Signs to 
management (needs, issues and interests), and 
the relative effi  cacy of monitoring the vital sign 
being considered. And third, CUPN developed a 
weighting factor to apply in a summary analysis 
step following completion of Vital Sign Priori-
tization by the Network parks. This weighting 
factor increased the relative importance of the 
“relevance to park management” and “ecologi-
cal signifi cance” categories, as compared to that 
of the “effi  cacy of monitoring” category. CUPN 
retained the numerical scoring system used by 
MACA (i.e., scored on a scale of from 0 to 3, 
with score-interpretations being provided for 
each criterion). The CUPN criteria, scoring 
system, and weighting factor application are de-
tailed in Table 3.1. 

3.2  Implementation of Vital Signs 
Prioritization and Selection Processes

The implementation process emphasized team-
work, collaboration, and reaching informed 
consensus during decision-making steps.  The 
MACA team, together with diverse “outside par-
ticipants” (other park staff , NPS I & M Network 
staff , subject-matter experts and professional sci-
entists), collaborated to perform the several steps 
of the process.  The CUPN employed a work-
shop facilitator, Dr. Jack Ranney, via cooperative 
agreement with University of Tennessee.

There were fi ve main steps employed by the 
CUPN-MACA program to rank Vital Signs.  The 
prioritization processes diff ered between the 
CUPN and MACA elements in numbers of steps 
and in some of the actual tasks performed in 
each step. In the MACA process, four steps fi rst 
sorted candidate sub-models, then ranked the 
Vital Signs contained within “higher-ranked” 
sub-models, then ranked the six higher-ranked 
sub-models, then fi nally reduced (“truncated”) 
the ranked Sub-model X Vital Signs matrix. In 
the CUPN process, sub-models were not ranked. 
Two steps fi rst ranked Vital Signs at each individ-Two steps fi rst ranked Vital Signs at each individ-
ual Network park, then assembled and ranked ual Network park, then assembled and ranked 
the Vital Signs selected by the several individual the Vital Signs selected by the several individual 
parks in a Network-wide matrix.  The MACA parks in a Network-wide matrix.  The MACA 
process, as the original model, is fully described process, as the original model, is fully described 
and diagrammed in Appendix B (pp. 35-40), and and diagrammed in Appendix B (pp. 35-40), and 
should be consulted for additional details on should be consulted for additional details on 
steps and rationale. 
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Table 3.1  Cumberland Piedmont Network Criteria for Ranking 
Vital Signs

Ecological Signifi cance 40%

1. How useful is the Vital Sign in explaining the condition of the 
ecosystem sub-model? 

3=extremely useful
2=useful
1=of little use
0=not useful

2.  How central is the Vital Sign in controlling or driving ecosystem 
sub-model function? 

3=central to sub-model 
function

2=plays a moderate role in sub-
model function

1=plays a minor role in sub-
model function

0=on periphery of sub-model, 
almost no role in sub-model 
function

3. How closely linked is the Vital Sign with other Vital Signs in 
other sub-models in the park? 

3=many major/strong links
2=few major/strong links
1=few minor/weak links
0=not linked at all

Management Signifi cance 40%

4. How important is the understanding of this Vital Sign to Park 
management?  

3=extremely important (legally 
required monitoring)

2=important (e.g., GPRA)
1=lesser importance (no 

specifi c mandate except 
general policies and Organic 
Act)

0=no management goals 
related to Vital Sign

5. How well will monitoring of the Vital Sign provide data 
needed for making management decisions?  

3=extremely well
2=moderately
1=poorly at best
0=not at all

6. How well will monitoring of this Vital Sign provide an accurate 
evaluation of the outcomes of one or more management 
decisions? 

3=extremely well,
2=moderately
1=poorly at best
0=not at all

Monitoring Effi cacy/Feasibility 20%

7. How much is currently known about the Vital Sign?  3=much known
2=some known
1=little known
0=almost nothing known

8. How diffi cult will it be to monitor this Vital Sign?  3=easy and convenient
2=practical
1=impractical and inconvenient
0=impractical and extremely 

diffi cult

9. Will you be able to collect data for this Vital Sign at the same 
time as (and in the general vicinity of where) you are collecting 
data for one or more other Vital Signs?  

3=many collateral datasets
2=maybe 2 or 3 collateral 

datasets
1=maybe 1 collateral dataset
0=no collateral datasets
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3.2.1  Sub-Models Ranking Step (MACA pro-
cess only)

In this step, the MACA team and outside ecolo-
gists used the appropriate criteria to sort the can-
didate sub-models into higher-ranked and lower-
ranked classes. The higher-ranked sub-models 
went forward for consideration in the Vital Signs 
Ranking step. The CUPN did not employ this 
step at the park-level.  The CUPN intention was 
to give priority to Vital Signs ranked by the most 
parks, across multiple sub-models, as the best 
approach for a multi-park program.  Details of 
the MACA process are described in Appendix B 
(pp. 35-40).

The sub-models ranking step proceeded as a 
team-discussion process, with discussion involv-
ing the MACA Prototype and MACA’s Division 
of Science and Resources Management (SRM) 
staff , together with two invited “outsider” profes-
sional ecologists. Sub-model ranking and vital 
sign-ranking occurred in a two-day workshop 
meeting held at MACA on 31 March and 1 April 
2003. 

3.2.2  Vital Signs Ranking Step (CUPN and 
MACA)

In this step, work-teams used formal criteria to 
prioritize the Vital Signs identifi ed within the 
sub-models being considered. For MACA, the 
sub-models considered in this step were the six 
selected as “higher-ranked” in the previous step. 
For CUPN, the sub-models were based on the 
top-fi ve monitoring questions selected by each 
park for discussion at that park’s prioritization 
workshop as described in Chapter 2.

For MACA, this step considered the six sub-
models that we had identifi ed from the sub-mod-
els ranking step as being of greater importance 
and/or interest to MACA.  The team prioritized 
among the Vital Signs within each sub-model to 
identify which would be the best focus for initial 
monitoring. The working assumption was that 
we probably could “paint” a reasonable func-
tional picture by tracking a few linked “key com-
ponents” within a sub-model (and portion of ponents” within a sub-model (and portion of 
the parental ecosystem), rather than by having to the parental ecosystem), rather than by having to 
monitor all of the components identifi ed therein. monitor all of the components identifi ed therein. 
Vital Signs ranking proceeded as a team-discus-Vital Signs ranking proceeded as a team-discus-
sion process focused around the four Vital Sign sion process focused around the four Vital Sign 
Ranking criteria. This step involved the MACA Ranking criteria. This step involved the MACA 
Prototype and SRM staff , together with two 

invited “outsider” professional ecologists, who, 
along with the USGS-BRD Ecologist, provided 
technical advice and ecological subject-matter 
expertise from a non-MACA-centric perspec-
tive.  These experts participated in the MACA 
team discussions to select the “better” Vital Signs 
for monitoring, and contributed to the actual nu-
merical scoring done at this step.

The ranking process for the CUPN parks fo-
cused on the top fi ve monitoring questions for 
each park, using sub-ecosystem conceptual mod-
els (sub-models) to illustrate the context of each 
question.  Conceptual model posters along with 
handouts for nine criteria were prepared for each 
park meeting and a Vital Signs (VS) Team was 
assembled.  This VS Team consisted of a core 
group of ecologists, hydrologists, data managers, 
and coordinators. Eleven workshops were held 
from May through September 2003 (see Table 
3.2). The top fi ve management questions and 
associated sub-models were presented at each 
workshop and used to apply nine criteria to each 
key attribute.  No more than three-to-seven at-
tributes were evaluated per sub-model and these 
were decided by consensus.  The role of the VS 
Team was to present conceptual models and 
review their connection to park-specifi c manage-
ment issues, defi ne terms, and provide discussion 
for ecological concepts during the ranking pro-
cess.  The VS Team lead facilitator was Jack Ran-
ney, University of Tennessee.   The VS Team was 
also responsible for recording key points of the 
discussion and to document any park-specifi c 
considerations involved in the numerical evalua-
tions.  Fifty-eight attributes were ranked (by one 
or more parks) during the workshop series.  See 
Appendix M for meeting notes and Appendix 
N for spreadsheet of park scores obtained from 
this step.

3.2.3  Sub-models Posteriori Subjective Rank-
ing Step (MACA only)

Following the prioritization of the attributes 
within each of the six higher-priority sub-mod-
els, the MACA team completed the sub-models 
ranking by applying “Subjective scoring value” ranking by applying “Subjective scoring value” 
(scoring based upon their individual evaluations (scoring based upon their individual evaluations 
of each sub-model) in a recorded, individual of each sub-model) in a recorded, individual 
poll.  This scoring served to shuffl  e the hereto-poll.  This scoring served to shuffl  e the hereto-
fore random order of sub-models into a series fore random order of sub-models into a series 
ordered by rank-scoring into the revised, raw ordered by rank-scoring into the revised, raw 
“Sub-models x Vital Signs” matrix.“Sub-models x Vital Signs” matrix.
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3.2.4  Network-level Vital Signs Prioritization 
Step (CUPN only)

After rankings for each park were tallied using 
a weighting for Ecological Signifi cance (40%), 
Management Signifi cance (40%), and Monitoring 
Effi  cacy (20%), a second level of weighting was 
applied to identify Vital Signs that meet “Net-
work-level” priorities.  A “Network-level” priority 
is simply defi ned as a majority of the parks, at least 
seven out of thirteen, have selected a certain vital 
sign.  The Network-level weighting factor was a 
fractional multiplier, determined by dividing the 
number of parks ranking the Vital Sign, by 13 total number of parks ranking the Vital Sign, by 13 total 
parks.  For example, the “forest canopy” scores parks.  For example, the “forest canopy” scores 
were averaged then multiplied by 13/13, indicating were averaged then multiplied by 13/13, indicating 
that 13 out of 13 parks ranked that Vital Sign in that 13 out of 13 parks ranked that Vital Sign in 
the Forest Community Sub-model.  For full list of 
weighted mean scores, see Appendix O.

3.2.5  Matrix Truncation Step (MACA only)

This step consisted of a “matrix-truncation”, or 
reduction, process that served to trim or reduce 
the ranked sub-models and Vital Signs matrix. It 
was based upon consideration of whether Vital 
Signs meet legal and policy mandates, whether a 
vital sign should be classifi ed as a research proj-
ect versus a monitoring subject, and a discussion 
of how the MACA Prototype may strategically 
allocate its available monitoring resources.  The 
MACA lead team used these factors, together MACA lead team used these factors, together 
with discussion of what is currently known with discussion of what is currently known 
about the vital sign, to consider whether a vital about the vital sign, to consider whether a vital 
sign should be dropped from the matrix. This sign should be dropped from the matrix. This 
selection process did not shift the ranked or-selection process did not shift the ranked or-
der established for sub-models and Vital Signs der established for sub-models and Vital Signs 
in the raw “Sub-models x Attributes Matrix”, in the raw “Sub-models x Attributes Matrix”, 
but did lead to deletion of some Vital Signs and 

Table 3.2  Park prioritization workshops based on top fi ve 
management questions

Date Parks Participants

May 29, 2003 Abraham Lincoln 
Birthplace NHS

Superintendent, Chief of Operations, Park Ranger, USGS-
BRD Ecologist, Univ of TN Ecologist, CUPN IM Coordinator

June 30, 2003 Shiloh NMP Superintendent, Historian, Resource Management 
Technician, MACA-Hydrologist, Univ of TN Ecologist, CUPN 
IM Coordinator

July 1, 2003 Fort Donelson NB Superintendent, Chief Ranger, MACA-Hydrologist, Univ of 
TN Ecologist, CUPN IM Coordinator

July 16, 2003 Guilford 
Courthouse NMP

Superintendent, Chief Ranger, Resource Specialist,  Univ 
of TN Ecologist, CUPN Data Mgr/Ecologist,  CUPN IM 
Coordinator

July 17, 2003 Carl Sandburg 
Home NHS

Superintendent, Chief of RM, Resource Specialist, Curator, 
Univ of TN Ecologist, CUPN Data Mgr/Ecologist, APHN 
Ecologist, APHN & CUPN IM Coordinators

July 22, 2003 Stones River NB Superintendent, Chief of Operations, Ecologist, MACA 
Prototype Coordinator, Univ of TN Ecologist, CUPN IM 
Coordinator

August 5,2003 Cowpens NB & 
Ninety-Six NHS

Superintendent, Chief Rangers, Resource Specialist, USGS-
BRD Ecologist, Univ of TN Ecologist, CUPN IM Coordinator, 
CUPN Data Mgr/Ecologist

August 26, 2003 Chickamauga 
Chattanooga NMP

Superintendent, Chief of Operations, Resource Specialist, 
Cultural Resource Specialist, MACA Prototype Coordinator, 
Univ of TN Ecologist, CUPN IM Coordinator and Data Mgr

August 27, 2003 Little River Canyon 
Natl Preserve & 
Russell Cave NM

Superintendent, Chief of Resource Mgmt, USGS-BRD 
Ecologist, MACA Prototype Coordinator, Univ of TN 
Ecologist, CUPN IM Coordinator and Data Mgr

September 4, 
2003

Kings Mountain 
NMP

Superintendent, Chief Resource Mgmt, Univ of TN 
Ecologist, CUPN IM Coordinator, CUPN Data Mgr/Ecologist

September 11, 
2003

Cumberland Gap 
NHP

Superintendent, Assist Supt, Chief RM, Resource Mgmt 
Specialist, USGS-BRD Ecologist, MACA-Hydrologist, Univ of 
TN Ecologist, CUPN IM Coordinator
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sub-models from the monitoring matrix table. 
Vital Signs and sub-models dropped from the 
fi nal matrix during this step were placed into the 
MACA Research Catalog for potential develop-
ment into future monitoring projects. Trunca-
tion was performed in the week following the 
MACA prioritization workshop, and resulted in 
production of the fi nalized “Sub-models x Vital 
Signs Matrix” discussed in Section 3.3.1 (Results) 
below.

3.3  Results of Vital Signs Prioriti-
zation and Selection Process

The major outcomes or products of the Vital 
Signs Prioritization and Selection process were 
tables or matrices of ranked Vital Signs. The 
MACA matrix presents ranking both for sub-
models and for Vital Signs arranged within the 
sub-models. The CUPN table (Table 3.3) shows 
Vital Signs ranked by averaging individual park 
scores within a sub-model, while sub-models 
themselves are ranked by the number of parks 
that chose to rank them. In overview, the MACA 
“Sub-models x Vital Signs Matrix” is a fully-
ranked outcome which will provide the MACA 
Prototype strong guidance in its selection of 
monitoring projects and protocols to initially 
develop and implement. While the MACA ma-
trix suggests by its ranking a likely order and 
sequence of project initiation for the prototype, 
the actual project-development order followed 
will be modifi ed by other considerations. The 
CUPN matrix is an initial guidance structure 
used to highlight Network-wide and park-level 
priorities.  For some Vital Signs, the identifi cation 
of measurable attributes for the Network will 
require additional refi nement, based on the vari-
ance among input from thirteen diff erent parks.  

3.3.1  MACA Results Matrix

Conclusion of the MACA sub-models ranking 
step resulted in two products: a “Sub-models x 
Vital Signs Matrix”, and a set of “less-important 
Sub-models” (Appendix B, p. 95).  The matrix 
consisted of the six (6) sub-models that we had consisted of the six (6) sub-models that we had 
concluded would be most worthwhile and valu-concluded would be most worthwhile and valu-
able to monitor, arranged in descending order able to monitor, arranged in descending order 
(left-to-right columns in the matrix), together (left-to-right columns in the matrix), together 
with their associated Vital Signs (ranked in with their associated Vital Signs (ranked in 
descending priority as elements down the sub-
model-columns).  The higher-ranking Vital Signs 

within each sub-model are those that would 
more likely provide robust insight or connections 
among ecosystems contribute to our ecosystems 
understanding, are of management relevance 
and value, and which are thought to be reason-
ably effi  cacious for monitoring. The unprocessed 
matrix was subjected to further processing while 
the “less-important sub-models” list was incor-
porated into the park’s research catalog (Appen-
dix B, p. 96).

The fi nal product of the MACA approach was a 
truncated version of the raw Sub-models x Vital 
Signs matrix (see Appendix B, p. 97). This matrix 
identifi es Vital Signs grouped into 4 sub-models 
in a ranked structure, and retains the sub-models 
and Vital Signs relative values (ranking) as pre-
sented in the raw matrix. This fi nalized matrix 
identifi es a set of system Vital Signs that will 
be monitored within the “initial confi guration” 
MACA Prototype. Four of the Vital Signs identi-
fi ed in this matrix are covered under monitor-
ing programs (and initial protocols) which are 
already in place at MACA. The remaining 11 Vital 
Signs will be addressed by “new” protocols that 
are either currently under development, or will 
be developed within the next 2 years. The 11 
new protocols will be developed with the assis-
tance of USGS-BRD, with design focus on initial 
implementation at MACA, followed by later pos-
sible adoption for use at other parks, both within 
CUPN and in other networks.  

3.3.2  CUPN Results Matrix

The twenty top ranking Vital Signs for the 
CUPN are shown in Table 3.3. For the entire list 
of Vital Signs considered, see Appendix P. The 
CUPN Vital Signs were classifi ed into three main 
groups:

2 Network-Level High Concern: those consid-
ered high priority by a majority of parks

2 Park-Level High Concern: those considered 
high priority by fewer than 7 parks 

2 Low Priority: those that ranked lower priority  Low Priority: those that ranked lower priority 
within each sub-model or for which research within each sub-model or for which research 
or inventory work was needed (see Sect. 3.3.4 or inventory work was needed (see Sect. 3.3.4 
Vital Signs Not Selected)Vital Signs Not Selected)
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Table 3.3  Twenty High Priority Vital Signs for Cumberland Piedmont 
Network (MACA not included)

Ecosystem 
Sub-model

Priority # 
Parks

Vital Sign
Category

Vital Sign 
(ordered by # of parks) 

Park Code

(Multiple) Network 
High

13 Stressor 1) Adjacent Land Use/
Land Cover Changes

All

(Multiple) Network 
High

13 Stressor 2) Invasive Plant 
Populations

All

(Multiple) Network 
High

13 Stressor 3) Ozone levels and 
4) Impacts on Native 
Plants

All

Aquatic 
Community 

Network 
High

13 Driver 5) Water Quality and 
Quantity

All

Forest 
Community

Network 
High

13 Key 
property,
Stressor

6) Forest Canopy & Herb 
Structure, Composition 
and 
7) Forest pests

All

Wetland/
Aquatic 
Community 

Network 
High

13 Key 
property

8) Riparian/Wetland 
Vegetation structure, 
composition, and extent

All (# may 
be modifi ed 
once wetlands 
assessments are 
complete)

Special 
Vegetation 

Network 
High

8 Key 
property

9) Changes in Vegetation 
Community type and 
extent

CARL,CHCH, 
COWP,FODO, 
KIMO,LIRI,NISI, STRI

Special 
Vegetation 

Network 
High

8 Focal 
Resource

10) Plant Species of 
Concern Populations

CARL,CHCH, 
COWP,FODO, 
KIMO,LIRI,NISI, STRI

Grasslands 
Community 

Park High 5 Focal 
Resource

11) Herbaceous structure 
and composition, %cover

CARL,COWP,NISI, 
SHIL, STRI

Glade 
Community 

Park High 5 Focal 
Resource

12) Herbaceous structure 
and composition, %cover

ABLI,CARL,CHCH,
LIRI, STRI

Grazer-Deer Park High 4 Stressor 13)Deer populations and  
14)impacts on forest/plant 
community

CHCH, KIMO, LIRI, 
SHIL 
(a few parks may 
want to be added)

Cave System Park High 3 Driver 15) Cave Air Quality CHCH, CUGA, RUCA

Cliffl ine 
Community 

Park High 3 Stressor, 
Focal 
Resource

16) Climbing Impacts to 
Geologic formations and 
17) Cliffl ine plant 
communities

CHCH,CUGA,LIRI

Aquatic 
Community 

Park High 3 Focal 
Resource

18) Fish Populations (listed 
species and diversity)

CUGA,LIRI,SHIL
(more parks may 
be added as fi sh 
inventories are 
completed)

Aquatic 
Community 

Park High 2 Key 
Property

19) Benthic Macro-
invertebrates 

LIRI, STRI

Bird 
Community 

Park High 2 Focal 
Resource

20) Priority Bird 
Populations

SHIL, STRI  (more 
parks may be added 
as bird inventories 
are completed)
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3.3.3  Combined Vital Signs with Potential 
Measures Table

The resulting list of Vital Signs from both CUPN 
and MACA was consolidated during the spring 
of 2004 during the merging of the Prototype 
with the Network (see Appendix D).  To view 
the original list with justifi cations, see Appen-
dix Q.  After evaluation, some Vital Signs were 
merged and some in the park-high category were 
dropped from the short-term implementation 
schedule (next 3-5 years).  The fi nal version of 
the combined table (i.e., “short list”) is shown  
in Table 3.4.  For justifi cation of each vital sign 
in the “short list”, see Table 5.1 in Chapter 5 or 
individual Protocol Development Summaries in 
Appendix R.

3.3.4  Some Candidate Vital Signs not Select-
ed for Initial Development

Many of the original candidate Vital Signs were 
not selected for initial monitoring under the 
CUPN and MACA Vital Signs Monitoring Plan. 
Greater functional understanding of park eco-
systems can be obtained by monitoring more 
system components than by fewer.  However, 
in keeping with our “do fewer things better” 
program philosophy, it was understood that our 
selected sets of Vital Signs should be small, and, 
ideally, functionally coherent and interconnect-
ed.  Therefore, several candidate Vital Signs were 
ranked lower in our prioritization processes for 
a variety of reasons (some are provided in Table 
3.5).   Some lower ranked Vital Signs not selected 
for initial monitoring by CUPN and MACA in-
clude: 

2 Cave River Microbe Assemblage: Cave mi-
crobe community assemblages are important 
to park management, play key roles in the 
cave ecosystem energetics and nutrient fl ow, 
and have Service-wide application as an 
exportable protocol, since all cave systems 
contain microbes.  However, MACA lacks 
baseline cave microbe inventory data and re-
search is in progress.

2 Mussel Host-fi sh identifi cation: The Green  Mussel Host-fi sh identifi cation: The Green 
River within MACA contains one of the most River within MACA contains one of the most 
diverse assemblages of freshwater mussels in diverse assemblages of freshwater mussels in 
the nation including 7 federally endangered the nation including 7 federally endangered 
species.  Fish are presumed to play a central species.  Fish are presumed to play a central 
role in the reproductive success of mussels by role in the reproductive success of mussels by 
acting as larval (glochidium) hosts for distri-

bution within river systems. At present, the 
specifi city of these host-fi sh-mussel relation-
ships is poorly understood.  Although mus-
sel host-fi sh identifi cation and population 
monitoring is a park management interest, a 
signifi cant lack of information exists and tar-
geted research is needed.

2 Deer populations & grazing impacts: Deer 
populations and direct and indirect graz-
ing impacts were identifi ed as potential vital 
sign(s) of interest by several parks in the 
CUPN and as a management issue at MACA.  
However, MACA lacks baseline information 
on both items.

2 Cave Biota:  Diverse cave-dwelling species are 
critical elements of a functioning cave ecosys-
tem.  Certain species in the cave invertebrate 
community have been identifi ed as key to the 
MACA Prototype; however the CUPN caves 
are largely unsurveyed and uninventoried.  
Invertebrates were a group not funded by the 
Service-wide IM Program.

2 Soil Biota, Chemistry, and Structure:  Soil 
conditions are an integral part of many 
ecosystem functions and strongly infl uence 
the diversity of plant communities.  The 
CUPN did not select this vital sign for initial 
monitoring due to the complexity and cost of 
evaluating soils data. 

For a list of Vital Signs considered but not se-
lected by the two program elements and reasons 
for lower priority ranking see Table 3.5. 
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Table 3.4    List of High Priority Vital Signs for the Cumberland Piedmont Network

Level 1 
Name

Level 2 Name Vital Sign

A
B

LI

C
A

R
L

C
H

C
H

C
O

W
P

C
U

G
A

FO
D

O

G
U

C
O

K
IM

O

LI
R

I

M
A

C
A

N
IS

I

R
U

C
A

SH
IL

ST
R

I

Air and 
Climate

Air Quality Ozone and Ozone Impact              

Visibility and Particulates 

Atmospheric Deposition 

Air Contaminants 

Weather and Climate Weather              

Geology 
and Soils

Geomorphology Stream/River Morphology 

Subsurface Geologic 
Processes

Cave Air Quality
  

Soil Quality Soil Chemistry and Structure

Soil Invertebrates and 
Associated Predators

Water Water Quality Water Quality and Quantity              

Benthic Macro-invertebrates 

Microbes

Biological 
Integrity

Invasive Species Invasive Plants “early detection”              

Infestations and Disease Forest Pests              

Focal Species or 
Communities

Amphibians 

Birds 

Cave Aquatic Fauna 

Cave Beetles 

Cave Crickets 

Cave Entrance Invertebrate 
Community 



Guano-dependent Invertebrate 
Communities

Vegetation Communities              

Mussel Diversity 

Fish Diversity 

Cave Bats 

Deer

At-risk Biota Allegheny Woodrats 

Plant Species of Concern       

Human Use Consumptive Use Poached Plants 

Landscapes 
(Ecosystem 
Pattern and 
Processes)

Landscape Dynamics Adjacent Land Use              

Fire and Fuel Dynamics Fire              

Nutrient Dynamics Guano Deposition in Caves

  Vital Signs for which the Network will develop protocols and implement monitoring using funding from the Vital Signs or water quality monitoring programs.
  Vital Signs monitored by a Network park, another NPS program, or other federal or state agency using other funding. The Network will collaborate with
    these other monitoring efforts.

   High-priority Vital Signs for which monitoring will likely be done in future, but which cannot currently be implemented due to limited staff and funding.
[blank] Indicates the Vital Sign does not apply to the park, or for which there are no foreseeable plans to conduct monitoring.
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Table 3.5  Some CUPN and MACA Vital Signs Not Selected for 
Monitoring

Program 
Element

Vital Sign Name Reason for Lower Priority 
Ranking

CUPN Bacteria/Periphyton/Phytoplankton/Zooplankton Not well understood

CUPN Cave Biota Lack of inventory data

CUPN Aquatic Fauna (other than fi sh, BMI) Lack of inventory data

CUPN Forest Fauna (other than birds) Lack of inventory data

CUPN Forest Ecological Processes Research needed

CUPN Glade Ecological Processes Research needed

CUPN Grassland Fauna (other than birds) Lack of inventory data

CUPN Glade Fauna (other than birds) Lack of inventory data

CUPN Soil Biota Structure and Chemistry Not well understood

CUPN Substrate Sediment, Structure and Chemistry Not well understood

CUPN Predators and Take (Grazer/Deer) Low score

CUPN Mast herb forage (Grazer/Deer) Low score

MACA Cave River Microbe Assemblage Inventory and research needed

MACA Guano deposition rate/composition/distribution Research needed

MACA Guano-dependent Invertebrate Communities Research needed

MACA Mussel Host-fi sh identifi cation Research needed

MACA Soil Invertebrate distribution/association Research needed

MACA Predators associated w/ soil invertebrates Research needed

MACA “BMI” Winged-adult distribution Inventory and research needed

MACA Vernal-pool amphibians population Inventory and research needed

MACA Vernal-pool invertebrate assemblage Inventory and research needed

MACA FPOM/POM-contaminants relationships baseline 
data

Lack of inventory data

MACA Deer pops & grazing impacts Needs baseline research and 
information

MACA Cave “entrance” plant communities (ref cricket 
& woodrat resources/diet)

Research needed
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4.1. Introduction

The primary purpose of a sampling design is to 
ensure that data collected are representative of 
the target population(s), and suffi  cient to draw 
defensible conclusions about the resources of 
interest. Development of an adequate sampling 
design will help ensure the scientifi c merit of our 
monitoring program. We maximize our scientifi c 
validity through focus on careful and consistent 
use of probability-based sampling approaches 
that yield strong statistical inference about 
monitored Vital Signs. In addition, we place high 
value on effi  cient use of our limited monitoring 
resources. To this end, we emphasize careful 
logistic planning together with maximal use of 
sampling co-location and co-visitation, both 
within individual protocol designs, and across 
our overall sampling design.  This chapter out-
lines 1) the overall sampling design to be used for 
monitoring Vital Signs in the 14 CUPN parks, 2) 
provides a brief summary of some key principles 
of sampling design,  3) describes how these prin-
ciples will be employed in sampling  terrestrial, 
cave, and aquatic ecosystems  and 4) summarizes 
the CUPN-MACA Water Quality Monitoring 
Program. The specifi c designs for individual Vital 
Signs follow from these basic themes and in-
corporate variations as necessary. These details, 
together with appropriate location maps and 
analysis plans, will be presented in the monitor-
ing protocols being developed for the individual 
Vital Signs. Several aspects of our sampling de-
sign are presented in Table 4.1. 

The CUPN-MACA Monitoring Program, 
through its sampling designs, is emphatically 
geared to assessing and tracking Vital Signs at the 
park level.  There is, in general, no a priori intent 
to try to make statistical inference across the en-
tire Network for either status or trends in most tire Network for either status or trends in most 
Vital Signs. (Possible exceptions include ozone Vital Signs. (Possible exceptions include ozone 
exposure, adjacent land use patterns and water exposure, adjacent land use patterns and water 
quality, where multiple-park and Network-wide quality, where multiple-park and Network-wide 
pattern descriptions may be useful.) We seek to 
extend and relate monitoring data from the parks 

into the surrounding regions and communities, 
and our sampling designs will support this goal 
through incorporating comparable methods and 
approaches, wherever possible, to those used in 
similar projects being performed by other enti-
ties in off -park areas.   

This chapter is organized as follows: Section 4.2 
summarizes key concepts and provides brief 
defi nitions for terms used later in the chapter. 
Section 4.3 discusses sampling in terrestrial sys-
tems. Section 4.4 discusses sampling in cave sys-
tems. Section 4.5 discusses sampling in aquatic 
systems, and Section 4.6 discusses key aspects 
of the CUPN-MACA Water Quality Monitoring 
Program and its design.

4.2. Sampling Concepts and 
Defi nitions

Discussion of our sampling design involves a 
few underlying concepts and specifi c statistical 
terms. This section describes these concepts and 
brief defi nitions of some key terms. Explicitly, 
our sampling design has been developed for eco-
logical monitoring which is defi ned as the collec-
tion and analysis of repeated observations over 
time to document status and trends in ecological 
parameters. In general, monitoring is designed 
to provide unbiased statistical estimates of status 
and trends in large areas or entire study units. In 
contrast to research that addresses single ques-
tions or tests a specifi c hypothesis, monitoring 
focuses on collecting objective, scientifi cally de-
fensible data to answer wide-ranging and broad 
hypotheses, where some of these hypotheses 
may be, at best, poorly defi ned at the outset. may be, at best, poorly defi ned at the outset. 
Long-term monitoring data may document cor-Long-term monitoring data may document cor-
relation between management actions or natural relation between management actions or natural 
changes and ecological parameters, and can changes and ecological parameters, and can 
provide the most complete picture of ecosystem provide the most complete picture of ecosystem 
changes over time. Monitoring, however, will not changes over time. Monitoring, however, will not 
establish statistical cause and eff ect relationships establish statistical cause and eff ect relationships 
between external changes (“drivers”) and the 

Chapter FourSampling Design
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Table 4.1  Overall Sampling Design and Approach for Vital Signs Monitoring on CUPN Parks.
 

General design approach (typical dimensionality of sampling distribution), spatial allocation mode, and proposed site revisit 
plan are provided for 17 high-priority CUPN and MACA Vital Signs. Revisit plan notation is in year-increment scales (e.g., 1-4 
means sample one year on, four years off).

Level 1 
Name

Level 2 Name Vital Sign Overall Sample 
Design Approach

Spatial Allocation Annual Revisit 
Plan
(per site)

Air and 
Climate

Air Quality Ozone and Ozone 
Impact

NA (air) NA Continuous (air)

Terrestrial,
 2 dimensional (impact)

NA Annual (impact)

Atmospheric 
Deposition

NA (air) NA Continuous (air)

Terrestrial,
2 dimensional (impact)

NA Annual (impact)

Geology 
and Soils

Subsurface Geologic 
Processes

Cave Air Quality Cave, 
3 dimensional

Stratifi ed, Systematic Continuous

Water Water Quality Water Quality and 
Quantity

Aquatic, 
1 dimensional

Various 1-1, 2-5, 3-5

Benthic Macro-
invertebrates

Aquatic, 
1 dimensional

Stratifi ed, Random Annual

Biological 
Integrity

Invasive Species Invasive Plants
“early detection”

Terrestrial,
2 dimensional

Grid, Systematic 2-3, TBD

Infestations and Disease Forest Pests Terrestrial,
2 dimensional

Grid, Systematic Annual

Focal Species or 
Communities

Cave Aquatic Fauna Aquatic, 
1 dimensional

Adaptive Cluster 
Sampling

1-1

Cave Beetles Terrestrial,
2 dimensional,
1 dimensional 

Systematic, Adaptive 
Cluster Sampling

Annual

Cave Crickets Terrestrial,
2 dimensional,
1 dimensional

Systematic, Adaptive 
Cluster Sampling

Annual

Vegetation 
Communities

Terrestrial,
2 dimensional

Stratifi ed, Random 2-3, 1-4, TBD

Mussel Diversity Aquatic, 
1 dimensional

Stratifi ed, Random 1-2

Fish Diversity Aquatic, 
1 dimensional

Stratifi ed, Random 1-1

Cave Bats Cave, 
1 dimensional

Adaptive Cluster 
Sampling

1-1

At-risk Biota Allegheny Woodrats Terrestrial,
2 dimensional

Stratifi ed, Random Annual

Plant Species of 
Concern

Terrestrial,
2 dimensional

Population Census TBD

Landscapes 
(Ecosystem 
Pattern and 
Processes)

Landscape Dynamics Adjacent Land Use NA NA NA
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status of ecological parameters. The important 
utility of monitoring programs lies in their abil-
ity to detect changes in parameter status and to 
provide parks with information that supports 
development of eff ective resource management 
actions.

The CUPN-MACA program will use design-
based approaches in monitoring.  Such ap-
proaches emphasize objectivity and do not rely 
on detailed assumptions about the structure and 
nature of responses being measured.  Rather, 
the design-based approach is based upon use of 
rigorous probability samples in developing esti-
mates and extrapolating results to non-sampled 
units (McDonald 2003). Design-based analyses 
use the sampling apparatus (i.e., the way the 
sample was collected), rather than assumptions 
about responses, as the basis for replication and 
subsequent probability statements (confi dence 
intervals) on estimates. As no assumptions are 
made about response nature, design-based 
analyses are held to be extremely diffi  cult to 
challenge or argue over (ibid); a property which 
makes this approach well-suited for projects that 
could involve litigation and controversial public 
decisions. 

It should be noted that design-based approaches 
are inherently poorly suited for future predic-
tions, and are descriptive in nature. Predictions 
of future system states require model-based 
approaches, which themselves require detailed 
functional information about the system, and 
which  often employ a number of simplifying as-
sumptions (Olsen, et al. 1999). The use of design-
based analyses is appropriate during the early 
phases of the monitoring program , as detailed 
information about system function is mostly 
not available. We anticipate that as our program 
progresses and data accumulate, development 
of model-based approaches will become feasible 
and we will be able to shift from being largely 
descriptive to a more predictive and explanatory 
mode.

The CUPN-MACA program will emphasize use 
of probability-based sampling in monitoring, 
wherever possible. Probability-based sampling is 
sampling using some sort of random draw (ran-
domization), ensuring a reduction in the poten-
tial bias that occurs from “judgment” (selection tial bias that occurs from “judgment” (selection 
of units based on expert knowledge) or “hap-of units based on expert knowledge) or “hap-
hazard” (convenience-based selection of units) hazard” (convenience-based selection of units) 
sampling. Randomization increases the validity sampling. Randomization increases the validity 
of extending inference from the sample into the 
population of interest. Design-based analyses 

require the use of probability-based sampling to 
provide unbiased estimators about the popula-
tion, and probability sampling will always be 
required for a monitoring plan or design to be 
defensible and statistically valid (McDonald and 
Geissler 2004). 

Some key terms we will use are briefl y defi ned 
in the following paragraphs. Our defi nitions and 
application are comparable to and follow the 
conventions of use established in other NPS net-
work monitoring plans Detailed discussion on 
these terms may be found in Mendenhall et al. 
(1971), Sarndal et al. (1992), Levy and Lemeshow 
(1999), and Lohr (1999). In sampling, the target 
population consists of the entire collection of 
units or elements for which inference is intend-
ed. A subpopulation refers to a subset of units 
that may be of particular interest, which may be 
denoted by use of “strata” in a sampling design. 
Strata refer to subpopulations that are defi ned 
prior to drawing a sample, such as by some 
geographical of other criteria. Stratifi cation is a 
fi xed scheme for allocating eff ort in a sampling 
design, such as by distributing sites among three 
areas defi ned by elevation. Sample units are the 
individual units that are being evaluated within 
the “sample frame” (the area or subpopulation 
actually included within the sampling eff ort). 
For example, individual fi sh are sample units to 
estimate size of fi sh in a pond. The pond can be 
the sample unit when estimating the proportion 
of fi sh that are exotics in ponds across a park. 
Elements are individual items that are counted 
or measured, such as individual fi sh in a pond 
(whether or not the pond is the sampling unit). 
Responses are the measured values or quanti-
fi cations being noted for elements and units in 
sampling (i.e., lengths of fi shes, pH values, etc.). 
The sample is the set of sample units and their 
elements (i.e., the 10 fi sh caught to be measured 
to provide a length estimate for the target popu-
lation or subpopulation). 

Monitoring on CUPN parks will involve use 
of “panels” to spatially and temporally allocate 
sampling eff ort as a way to more eff ectively use 
limited sampling resources. A panel is a set of 
sampling units that will always be sampled dur-
ing a single sampling occasion. Panel member-ing a single sampling occasion. Panel member-
ship is defi ned by a membership design, which ship is defi ned by a membership design, which 
sets out how sample units are either included sets out how sample units are either included 
or excluded from being in a given panel. Once or excluded from being in a given panel. Once 
panels have been defi ned, a revisit plan is created panels have been defi ned, a revisit plan is created 
to defi ne how sampling eff ort will rotate among to defi ne how sampling eff ort will rotate among 
available panels over time (McDonald 2003). available panels over time (McDonald 2003). 
Revisit plans may include both “rotating panel” 
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and “split panel” designs. For example, a “ro-
tating design” may consist of two 3-site panels 
in a river, with panels alternating in a sampling 
sequence over years. A “split panel” design could 
consist of a four-site panel scheduled for sam-
pling every year, with another panel of 4 other 
sites scheduled for sampling every third year. 

The CUPN-MACA program addresses a wide 
range of Vital Signs and ecological parameters 
within a variety of ecosystems and circumstanc-
es. Simply stated, there can be no one sampling 
design or approach that will adequately address 
all monitoring needs. Our designs will emphasize 
use of several major design and sampling themes, 
including simple and stratifi ed random sampling, 
systematic sampling, cluster sampling, and, in 
some special cases, “total census” and targeted 
approaches. A simple random sample is one in 

which n units are selected from a population 
of size N via a random process, such that every 
unit has an equal probability of being chosen. 
A stratifi ed random sample is one where the 
sampling frame is divided into distinct and mu-
tually-exclusive subpopulations (strata), with n 
samples being randomly drawn from each stra-
tum. Stratifi cation can be used to both increase 
sampling effi  ciency and increase precision and 
information-yield. A systematic sample is one 
where sampling units are collected in some sys-
tematic pattern, such as within a grid or at fi xed 
intervals along a transect. Generally, systematic 
sampling involves some randomization of the 
fi rst sampling point. Cluster sampling is a group-
ing method where some localized set of units is 
sampled within a larger sampling frame that may 
be diffi  cult or impossible to eff ectively randomly 
sample (such as when travel times are great, etc.).      

Table 4.2  Sampling grid design established for 14 CUPN parks by 
NatureServe (2002-2004). 

Grid size  (presented in km), grid density (sampling points per hectare) and number of 
designated sampling points (intersections of vertices) vary between parks. The number of 
sampling points on a grid ranges from 12 at RUCA, to 47 at CUGA.

Park Group Area (ha) Sample
Points

Grid Density Grid Size
(km)

Small Parks

GUCO 89 15 1 sample point/6 ha 0.24 x 0.24 

CARL 107 15 1 sample point/7 ha 0.27 x 0.27 

RUCA 125 12 1 sample point/10 ha 0.32 x 0.32 

ABLI 138 15 1 sample point/9 ha 0.30 x 0.30 

FODO 226 15 1 sample point/15 ha 0.39 x 0.39 

STRI 287 15 1 sample point/19 ha 0.44 x 0.44 

COWP 341 16 1 sample point/21 ha 0.46 x 0.46 

NISI 400 15 1 sample point/27 ha 0.52 x 0.52 

Large Parks

KIMO 1,597 21 1 sample point/76 ha 0.87 x 0.87 

SHIL 1,607 20 1 sample point/80 ha 0.90 x 0.90 

CHCH 3,311 32 1 sample point/103 ha 1.02 x 1.02

CUGA 8,274 47 1 sample point/176 ha 1.33 x 1.33 

MACA 21,380 44 1 sample point/486 ha 2.20 x 2.20 

River Canyon Parks

LIRI 5,543 35 1 sample point/158 ha 1.26 x 1.26 



  Vital Signs Monitoring Plan

59

4.3. Terrestrial Systems

Sample Selection

Sampling in terrestrial systems typically utilizes 
“two-dimensional” approaches and designs, 
where sampling eff ort is distributed across an area 
that incorporates substantial “width” relative to 
its length. In general, the sampling design for most 
CUPN-MACA terrestrial monitoring projects is 
based on use of the sampling grid established by 
NatureServe, in collaboration with the NPS, on 
each CUPN park (Nichols et al. 2000). CUPN 
parks range in size from ca 220 acres at Guilford 
Courthouse (GUCO) to more than 52,000 acres 
at Mammoth Cave (MACA). NatureServe has es-
tablished a rectilinear sampling grid at each park, 
with park size factored into grid dimensions to 
ensure that each park has at least 12 within-park 
designated sampling points (see Table 4.2). 

Most parks have additional sampling points 
located to ensure potential inclusion of specifi c 
habitats and vegetation communities of inter-
est in a park-wide sampling design. Individual 
projects will use the established grid in diff er-
ent ways and scales, and may involve sampling 
of “all” points, of some systematic subset, or of 
some randomized or stratifi ed-random subset of 
the total available points on each park. Use of the 
sampling grid will ultimately depend upon the 
parameter(s) being sampled for, park size, grid 
scale, sampling time required for each point (or 
plot established at a point), and available person-
nel.  Regardless of specifi c approach (i.e., ran-
dom, stratifi ed, etc.), the same underlying grid 
can be used for multiple sampling protocols with 
diff erent designs and scales.

By sharing a common underlying grid, multiple 
protocols using diff erent approaches to spatial 
allocation can maximize eff ective co-location of 
sampling sites. Co-location refers to sampling the 
same physical unit for multiple parameters; an 
approach which can enhance analysis and inter-
pretation of monitoring results through incorpo-
ration of spatial overlap. It also off ers effi  ciencies 
of time and eff ort. For example, assessment of 
ozone impact on sensitive plant species, atmo-
spheric-deposition, invasive plant species, detec-
tion of forest pests, and monitoring of selected 
vegetation communities, are all high-priority vegetation communities, are all high-priority 
monitoring objectives on CUPN parks. Each monitoring objectives on CUPN parks. Each 
of these Vital Signs will involve development of of these Vital Signs will involve development of 
sampling approaches designed to eff ectively as-sampling approaches designed to eff ectively as-
sess the specifi c parameters of interest. Figure 4.1 
illustrates an example of superimposing several 

diff erent survey designs on one grid. First, an 
appropriate grid is constructed on the available 
total sample frame (the hypothetical park map 
in Figure 4.1.). Vertices of the grid comprise the 
primary pool of potential sample points. Addi-
tional “off -grid” points are identifi ed on the map 
to provide potential targeted sampling of specifi c 
habitats or communities. The sampling grid is 
now ready for use with multiple protocols at dif-
ferent scales and distributions.

Invasive plant species, for example, may be 
monitored with a rapid survey and data collec-
tion method that could use all grid points within 
the park in order to maximize spatial coverage 
and chance-of-detection. This would constitute 
a park-wide systematic sampling design. Impact 
on plants from exposure to ozone is a more 
labor-intensive and detailed quantifi cation that 
involves careful sampling of multiple specimens 
of selected sensitive species within selected 
plots. This protocol may utilize only two plots 
on the hypothetical park. Ozone impact plot 
locations could be identifi ed by randomization 
from amongst all points, or by randomization of 
a restricted candidate list defi ned by a hypotheti-
cal inclusion criterion of “plot must contain at 
least n individuals of each plant species being 
tracked”. This random sample (or limited ran-
dom sample) is represented on Figure 4.1 by the 
two blue-outline squares. Sampling for both in-
vasive species and ozone impact monitoring may 
be co-located at the same point, as indicated by 
the blue outline square-and-dot on the map. Veg-
etation community monitoring is intensive and 
time-consuming, and is often restricted to specif-
ic habitats and areas in a park; therefore, sample 
size will likely be small. Vegetation community 
monitoring may also seek to capture eff ects from 
underlying soil types and/or slope and exposure 
aspects. In this hypothetical park example, two 
sampling strata are marked by background shad-
ing, and a set of sampling points, marked with 
larger circles, is randomly drawn from each pro-
portionate to the area of the stratum, thus creat-
ing equal probability of selection. Both invasive 
species and vegetation communities would be 
monitored at the circled points. Two systematic 
sampling plot arrays, with diff erent spatial scales, 
are shown by the sets of larger squares. These are shown by the sets of larger squares. These 
arrays could be used for sampling which could arrays could be used for sampling which could 
reasonably occur at larger spatial scales, such as reasonably occur at larger spatial scales, such as 
an eff ort to track bird populations or for deer an eff ort to track bird populations or for deer 
monitoring. Other terrestrial sampling eff orts, monitoring. Other terrestrial sampling eff orts, 
such as a complete census for a rare plant, can be such as a complete census for a rare plant, can be 
eff ectively overlain on the above systematic, ran-eff ectively overlain on the above systematic, ran-
dom and stratifi ed-random designs, as needed.  
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Panel Membership and Revisit Design

Panel membership and revisit designs describe 
how sites at a park or parks are sampled through 
time. In general, monitoring of vegetation com-
munities in CUPN parks will occur within a 
“rotating panel” design where each panel of sites 
on a park will be sampled in a “2 years on,3 years 
off ” [2 – 3] pattern. This revisit plan better ac-
commodates an effi  cient Network-wide logistic 
plan, reduces potential damage to sensitive sites 
that may result from intensive sampling activity, that may result from intensive sampling activity, 
allows more sites to be visited over time, and allows more sites to be visited over time, and 
provides three-year windows in which to initi-provides three-year windows in which to initi-
ate management activities. The two-year periods ate management activities. The two-year periods 
of consecutive sampling statistically reduce the of consecutive sampling statistically reduce the 
eff ect of annual variability on the detection of eff ect of annual variability on the detection of 
trends in plant communities that are temporally 

dynamic. Some vegetation communities may be 
put on an “always revisit” sampling schedule 
(specifi c parks and communities have yet to be 
determined), if so designated by specifi c con-
tracting system experts. As vegetation communi-
ties strongly refl ect the eff ects of seasonality and 
geographic location, all vegetation sampling will 
be conducted on a proximate “same date-range 
for a site each sampling occasion” basis.  

Sampling for detection of forest pests (new or 
initial invasions of gypsy moth, hemlock wooly initial invasions of gypsy moth, hemlock wooly 
adelgid, ash borer) will, in contrast to the rota-adelgid, ash borer) will, in contrast to the rota-
tional sampling proposed for most vegetation tional sampling proposed for most vegetation 
communities, occur in an annual “always visit” communities, occur in an annual “always visit” 
design, where monitoring sites will be visited design, where monitoring sites will be visited 
every year. An “always revisit” design is well every year. An “always revisit” design is well 
suited to detect gross change and components of suited to detect gross change and components of 

Random Samples

Systematic Samples (2 scales)

O3 Impact Plots

Additional Sites to Capture Spec. Taxa

Stratum A

Stratum B

Figure 4.1  A hypothetical park grid, with representation of multiple sampling designs. The total possible 
sampling frame on the hypothetical park includes 60 grid points, plus 2 added “off-grid” points (large 
dots) for sampling targeted habitats or taxa. Two sampling strata are marked by background shading. Dis-
tribution of points used in simple random and stratifi ed random sampling is indicated by circles. System-
atic sampling designs in 2 scales are marked with small squares.  Large squares indicate 2 points used for 
ozone sampling. As indicated by symbol combinations, the same point may be used for multiple designs 
(e.g., circled small square means a point used for both random and systematic sampling).
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individual change within a sampled community, 
and provides the fi nest temporal resolution, at 
the expense of limited spatial coverage across 
the resource of interest. In some cases, a “split-
panel” design will be employed, where sampling 
will be distributed between an “always revisit” 
panel (providing trend detection strength) and 
a “rotating panel” (or multiple panels), which 
will be sampled on some “on-off ” schedule to 
provide better assessment of status across the 
sample frame. 

In designing Vital Signs monitoring for mul-
tiple park units at the Network scale, logistics 
may strongly constrain the survey design at any 
particular park. For example, vegetation com-
munity monitoring will be scheduled to occur 
at 13 CUPN parks distributed across parts of 
seven southeastern states. To improve sampling 
effi  ciency, CUPN will utilize a “sub-Network 
cluster” sampling and logistics plan, where the 
13 smaller Network parks are grouped into 
three geographically-close monitoring “sub-
Network” clusters (Figure 4.2). (For vegetation, 
and most other monitoring, MACA, with its 
larger park staff , will operate as a separate unit, 
with its own monitoring schedule.) Each cluster 
will consist of four or fi ve parks, with sampling 

performed amongst the cluster’s member parks 
on a rotational basis. Each cluster will have a 
dedicated sampling team, and sampling will occur 
on all three clusters, as shown in the hypotheti-
cal CUPN sampling schedule (Table 4.3.). (The 
CUPN cluster plan should be viewed in contrast 
to the “tour” plan being used in the HTLN, where 
a single Network monitoring team will shift be-
tween clusters (“tours”) of parks on an annual ba-
sis.). This cluster concept serves to reduce travel 
time and costs through sequentially sampling 
parks in close proximity to each other and to the 
duty stations of the CUPN team leaders.

Parks and specifi c Vital Signs on parks within 
each cluster will be sampled within the member-
ship and revisit designs for those parks and clus-
ter. The general model for each cluster will be to 
sample in alternating years, or on some repeated 
schedule, such as a 2 – 3 staggered rotation, 
where some parks are sampled the 1st and 2nd of 
4 years, others on the 2nd and 3rd years, etc., as 
shown in Table 4.3.

As noted before, Network- and region-wide 
inferences are not intended from most CUPN 
monitoring, and the study units within the parks 
are the primary framework for statistical interest. 

GUCO

MACA

ABLI

FODO
STRI

CHCH

LIRI

RUCA

KIMO

COWP

NISI

CARL

CUGA

SHIL

Cluster 1:
CUPN North
Central Office: MACA

Cluster 2:
CUPN East
Central Office: KIMO

Cluster 3:
CUPN South
Central Office: RUCA

Figure 4.2  The three clusters of parks used for monitoring on the CUPN. Each cluster has a central of-
fi ce with a team leader to oversee sampling team rotation among parks within its cluster. 
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Though we do not anticipate extrapolating from 
results to include “all parks”, inter-park and 
Network-wide extrapolations are certainly of 
interest to the program, and will be developed, if 
possible, in the future. 

Ozone exposure and impact represent a special 
case for CUPN terrestrial monitoring, such that 
monitoring will occur at a single, subjectively 
chosen site on most parks, and monitoring eff ort 
will be distributed in a “split-panel” logistical de-
sign across parks. CUPN parks will be grouped 
into two types, or classes, of monitoring panels. 
One panel will consist of those parks which 
require annual on-park monitoring owing to a 
lack of reliable data from any nearby off -park 
monitoring station. This panel will be designated 
“non-represented parks”. Those parks whose “non-represented parks”. Those parks whose 
ozone exposure is documented to correlate ozone exposure is documented to correlate 
well with that recorded at off -park monitoring well with that recorded at off -park monitoring 
stations will be grouped into one or more “well-stations will be grouped into one or more “well-
represented parks” panels. The “non-represent-represented parks” panels. The “non-represent-
ed parks” will be revisited annually. The “well-ed parks” will be revisited annually. The “well-
represented parks” will be sampled on a 1 – 4 

year rotating basis as a check on their continued 
status of being “well-represented” by off -park 
monitoring. The number of “well-represented 
parks” panels to be used is presently undefi ned, 
and will depend on how many such parks are 
identifi ed from the 2004-05 sampling test. A hy-
pothetical ozone schedule with an always revisit 
panel and 3 5-year rotation panels of “well-rep-
resented” parks is shown in Table 4.4.    

4.4. Cave Systems

Caves and cave-related systems include salient 
natural and cultural resources for the CUPN, 
with four Network parks (MACA, CUGA, with four Network parks (MACA, CUGA, 
CHCH, and RUCA) featuring large, visitor-ac-CHCH, and RUCA) featuring large, visitor-ac-
cessed and management-impacted caves. Caves cessed and management-impacted caves. Caves 
remain poorly understood as functional ecosys-remain poorly understood as functional ecosys-
tems, and present many signifi cant challenges for tems, and present many signifi cant challenges for 
sampling and monitoring. Sampling designs for sampling and monitoring. Sampling designs for 
cave systems are highly idiosyncratic, as deter-cave systems are highly idiosyncratic, as deter-
mined by the nature of caves on the specifi c park 

Table 4.3 A Hypothetical Vegetation Rotation Schedule for the Three 
CUPN Park Clusters.

In this example, parks will be sampled for vegetation monitoring on a staggered 2-3 rotation 
plan. In each year, the cluster sampling team will concentrate its sampling effort on one or 
2 parks, as shown. The rotation pattern within each cluster would be designed to effi ciently 
use staff and reduce travel time and mileage wherever possible. The vegetation sampling 
schedule will be adjusted to meet requirements for specifi c sampling projects as these 
projects are defi ned and developed.

Cluster Park

CUPN NORTH FODO    

STRI    

ABLI    

CUGA    

CUPN EAST GUCO    

CARL    

COWP    

KIMO    

NISI   

CUPN SOUTH CHCH    

LIRI    

RUCA    

SHIL    

Ye
ar

 1

Ye
ar

 2

Ye
ar

 3

Ye
ar

 4

Ye
ar

 5

Ye
ar

 6

Ye
ar

 7

Ye
ar

 8

Ye
ar

 9

Ye
ar

 1
0



  Vital Signs Monitoring Plan

63

and the specifi c parameter (species, habitat char-
acteristics, potential threats, etc.) being moni-
tored, and, in general, are strongly constrained 
by cave complexity and signifi cant safety and lo-
gistical concerns. Key factors that infl uence cave 
sampling designs include surface access logistics, 
cave entrance access concerns, and huge varia-
tions in accessibility for sampling within caves. 
In addition, cave monitoring focuses strongly on 
evaluating management impact to the resources: 
there are few managed caves, and each is unique 
in terms of its management applications and 
scope (thus, replication within a design is very 
limited). Sampling within caves involves special-
ized skills and equipment, and occurs within 
extremely complex and irregular environments. 
In addition, cave biota pose strong challenges for 
sampling, owing to poorly understood habits and 
ecology coupled with a general lack of verifi ed 
sampling methodology suitable for addressing 
these specialized organisms and habitats. 

Sample Selection

Cave distributions across park landscapes 
tend to be highly irregular, and caves are often tend to be highly irregular, and caves are often 
clumped along specifi c types of geological for-clumped along specifi c types of geological for-
mations and features (cliff -lines, etc.). In cave mations and features (cliff -lines, etc.). In cave 
sampling designs, eff ort is distributed at two ma-sampling designs, eff ort is distributed at two ma-
jor levels; “two-dimensional” distribution among 
caves at a park, and “one-dimensional” (linear) 

distribution within caves. Sampling designs for 
multiple caves rely strongly on careful criteria-
based evaluation and classifi cation of the park’s 
caves prior to selection for inclusion in the sam-
pling scheme. Multiple-cave sampling designs 
are stratifi ed, and include both geographic strata 
and “blocking factors” (questions about potential 
management and visitor-use eff ects on resource 
status and trends). Probability is introduced into 
sampling among caves by randomizing from lists 
of “acceptable” candidate caves (the available 
sample frame), where acceptability is defi ned 
by a cave meeting surface accessibility, entrance 
accessibility, and internal complexity and acces-
sibility criteria. In addition, “acceptable” candi-
dates must, in the case of biological monitoring, 
be known to support the taxa of interest. (For 
example, those caves which are known to have 
few or no crickets will not be included in cave 
cricket monitoring). Figure 4.3 shows the distri-
bution of cave locations being used for woodrat, 
cave cricket, cave beetle, and cave air-quality 
monitoring on MACA. The 50 “unmanaged 
caves” marked on the map constitute a restricted 
random sample of all caves on the park; the 
nine “managed” caves are the total available on nine “managed” caves are the total available on 
the park. Cave entrances on the park are noted the park. Cave entrances on the park are noted 
as map locations on a GIS layer. For woodrat as map locations on a GIS layer. For woodrat 
monitoring, a data sort on “surface accessibility” monitoring, a data sort on “surface accessibility” 
limits consideration to caves located within 0.5 limits consideration to caves located within 0.5 
km of a park road, while the Green River (which km of a park road, while the Green River (which 
can putatively limit woodrat movement across can putatively limit woodrat movement across 
the park) provides geographic stratifi cation of 

Table 4.4   A Hypothetical Ozone Monitoring Schedule for 14 CUPN 
Parks. 

For ozone exposure monitoring, CUPN parks will be grouped into two classes, “well-
represented” and “non-represented”. The “non-represented” parks will form one panel that 
will be monitored every year. The “well-represented” parks will be placed into two or more 
(4 are shown) panels that will be sampled on a staggered 1-4 schedule. Actual distribution 
of CUPN parks into monitoring classes will occur following completion of Network-wide 
sampling tests being performed in 2004-05.

Cluster Park

CUPN 
Non-represented parks

A, B,
C, D

         

MACA          

CUPN 
Well-represented parks

E, F  

G, H  

I, J  

K, L, M  

Ye
ar

 1

Ye
ar

 2

Ye
ar

 3

Ye
ar

 4

Ye
ar

 5

Ye
ar

 6

Ye
ar
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Ye
ar

 8

Ye
ar

 9

Ye
ar
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Combined Sample Caves

Woodrats
          Managed
          Unmanaged

Crickets, Beetles, and Cave Air
          Managed
          Unmanaged

          MACA Roads

          MACA Trails

          MACA Boundary

          MACA T
0 1 2 4 6 8

Kilometers

park caves into ‘North’ and ‘South’ classes. The 
“managed” caves provide an unevenly distrib-
uted “blocking factor” in sampling and analytical 
designs for all cave protocols.   

Cave entrance locations within the landscape 
make access to some caves extremely time-costly, 
and, in some cases, hazardous. “Surface access”, 
incorporating surface travel distance from near-
est road access and diffi  culty of cross-country 
travel (need for descending cliff s, etc.), is the 
fi rst criterion used to identify potential sampling 
caves from the larger lists of “all caves” identifi ed caves from the larger lists of “all caves” identifi ed 
on park maps. Cave entrances diff er widely in on park maps. Cave entrances diff er widely in 
size and structure, greatly aff ecting accessibility size and structure, greatly aff ecting accessibility 
by sampler personnel. This means that a given by sampler personnel. This means that a given 
cave may be logistically ideal for access across cave may be logistically ideal for access across 
the park landscape, yet quite diffi  cult and haz-the park landscape, yet quite diffi  cult and haz-
ardous to enter. Conversely, an easily-entered 

cave may be unsuitable for inclusion in a sam-
pling design owing to its distant and diffi  cult ac-
cess route. “Cave entrance accessibility” is used 
to sort potential sampling caves by suitability 
of entrance for sampling personnel. Caves that 
meet both surface and entrance accessibility cri-
teria can be included in the candidates list for the 
sampling design. Caves will be selected for use by 
random draw from the candidate list, with inclu-
sion also being aff ected by meeting fauna-based 
sorting criteria in specifi c cases, as in the above 
example using presence of cave crickets. example using presence of cave crickets. 

Internally, caves vary widely in size, shape, and Internally, caves vary widely in size, shape, and 
substrate complexity, making all spatial and substrate complexity, making all spatial and 
area-based sampling within them problematical, area-based sampling within them problematical, 
as well as posing strong challenges to personnel as well as posing strong challenges to personnel 
who must move safely and eff ectively within the who must move safely and eff ectively within the 
cave environment. This complexity also chal-

Figure 4.3 Distribution and approximate locations of caves (entrances) used for 4 monitoring protocols 
on MACA.  Caves are identifi ed as being either “managed” (red symbols), or “unmanaged” (blue 
symbols). Caves being sampled for woodrats are marked by dots. Cave crickets, beetles, and cave air 
parameters are all sampled on a co-visitation basis in the 12 caves marked by an “x” symbol. This sam-
pling is co-located with woodrat sampling in 6 “managed” and 2 “unmanaged” caves.
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lenges development of eff ective, statistically-valid 
comparisons between and among caves for most 
parameters. Within-cave sampling is very com-
parable to sampling in a narrow stream habitat, 
and caves may be viewed as being linear, or es-
sentially “one-dimensional” systems. The key 
property for within-cave site selection for all cave 
protocols is use of a very restricted “common” 
area for almost all sampling within a cave. For 
example, biotic and physical habitat sampling 
occurs mostly proximal to human-accessible en-
trances (within ca 100 meters), as this is the area 
that staff  can reasonably access and eff ectively 
sample within time-frames of several hours. For 
most parameters, sampling does not currently 
extend (and has no foreseeable likelihood of 
ever being extended) into the deeper cave system 
(over 500 km long, in the case of MACA). On 
the other hand, use of similar entrance-proximal 
sampling regions in all caves for all parameters 
being considered does provide a large degree of 
sample co-location, and can feasibly support sig-
nifi cant co-visitation. Co-visitation refers to sam-
pling the same units for multiple parameters on 
the same occasion, an approach that can reduce 
travel costs and maximize use of personnel time.  
In cave sampling, this technique will greatly 
strengthen the multi-parametric integration by 
coupling biological monitoring with sampling 
for cave habitat conditions. In addition, both 
cave biotic and cave habitat sampling involve 
detailed spatial mapping based on fi xed monitor-
ing landmarks, and those same landmarks within 
a cave can be used in common for all protocols. 
Within-cave sampling designs include systematic 
sampling, stratifi ed sampling, parameter-specifi c 
targeted sampling, and adaptive cluster sampling 
approaches for monitoring fauna, and a purpose-
fully-located grid-and-column-based systematic 
sampling for monitoring the cave environment. 
Details of the within-cave sampling designs and 
parameter-specifi c sampling schedules are pro-
vided in the technical protocol documentation. 

Panel Membership and Revisit Design

Sampling panel membership and revisit plans for 
cave resources are currently defi ned on a per-
park and per-parameter (or protocol) basis. No 
Network-wide plan has been developed because Network-wide plan has been developed because 
there is no intent to extend inference about cave there is no intent to extend inference about cave 
resources across the entire Network or over mul-resources across the entire Network or over mul-
tiple parks. In addition, there is a lack of com-tiple parks. In addition, there is a lack of com-
mon cave resource monitoring objectives across 
parks, adding to the idiosyncratic nature of cave 

monitoring projects. Within a park, cave re-
source sampling (and analysis) can be integrated 
both spatially and temporally based on expected 
extensive co-location and co-visitation. Sampling 
of multiple caves for multiple protocols will be 
scheduled in a staggered-rotational-panel design. 
A multiple-protocol cave sampling design has 
been developed for the primary Network cave 
park (MACA) (see Table 4.5). Similar designs will 
be provided for the other Network cave resource 
parks, once detailed cave monitoring needs and 
questions have been fully developed and refi ned. 
In the MACA design, sampling for each protocol 
will be performed in some set of caves (caves = 
sample units), with many caves being used for 
most or all sampling eff orts (sampling co-loca-
tion at the “two-dimensional surface” level). 
In particular, as there are only nine “managed” 
caves (out of over 270 known caves on the park), 
all managed caves will be included for sampling 
for all parameters under all protocols. 

The sampling plan among caves for the four pro-
tocols (cave crickets, cave beetles, woodrats, and 
cave air conditions) variably overlaps in space and 
time, as shown by the four panels indicated in 
Table 4.5. Panels (A) and (B) illustrate the strongly 
overlapped monitoring for crickets, beetles, and 
cave air conditions that occur in six “managed 
caves” (A), and the six “unmanaged caves” (B). All 
caves in panels A and B are sampled in the same 
internal areas (close spatial co-location), but in-
volve diff erently overlapped schedules (partial co-
visitation). Crickets are sampled on a bi-monthly 
schedule, while beetles are sampled every six 
months. Cave air sampling occurs on all cricket 
and beetle sampling dates, in conjunction with 
faunal sampling activities (complete sampling co-
visitation) but also occurs at other times and on 
other sampling schedules. Woodrat sampling oc-
curs in all nine “managed” caves (panel (C)), and 
in 50 “unmanaged caves” (panel (D)). Woodrat 
sampling spatially overlaps with the other three 
protocols in that it occurs in all of the managed 
caves and in some of the unmanaged caves that 
are used for cricket, beetle and cave air monitor-
ing, but also occurs on diff erent schedules than do 
the other protocols. Collectively, the four panels 
shown in Table 4.5 illustrate the broad integration 
obtained in MACA cave ecosystem monitoring obtained in MACA cave ecosystem monitoring 
through combinations of multi-protocol co-loca-through combinations of multi-protocol co-loca-
tion and co-visitation. The resulting integration in tion and co-visitation. The resulting integration in 
sampling supports the development of possible sampling supports the development of possible 
statistical inter-class (unmanaged versus managed) statistical inter-class (unmanaged versus managed) 
comparisons for all parameters in a spatial and comparisons for all parameters in a spatial and 
temporal context. temporal context. 
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The fi rst two panels (A and B) represent a “semi-
split, co-rotational design”, involving sampling of 
diverse parameters for three protocols to address 
overlapped and related questions. Sampling for 
the fourth protocol (woodrats) is represented 
in two panels (C and D), constituting a simpler 
“split-panel” design, consisting of two non-relat-
ed sets of sites that are sampled for one protocol 
on two diff erent schedules.  

4.5. Aquatic Systems

Aquatic systems are important sets of resources 
on several CUPN parks. Biological resources 
include fi sh, fresh-water mussels, and benthic 
macro-invertebrates. In addition to monitoring 
biological resources on a few parks, CUPN has 
a comprehensive Network-wide water quality 
monitoring program involving sampling park 
streams and rivers, karst groundwater, cave streams and rivers, karst groundwater, cave 
streams, springs and wetlands (see Section 4.6). streams, springs and wetlands (see Section 4.6). 
River systems are essentially linear, and require River systems are essentially linear, and require 
diff erent (typically, “one-dimensional”) sampling diff erent (typically, “one-dimensional”) sampling 
approaches than either the terrestrial or cave approaches than either the terrestrial or cave 
habitats. The CUPN aquatic system sampling 
designs discussed in the following paragraphs fo-

cus on monitoring surface river faunal resources 
on MACA’s reach of the Green River.  Faunal 
monitoring on other CUPN river systems will be 
developed using approaches and sampling meth-
ods similar to those developed for MACA. For 
MACA, three major faunal Vital Signs are pro-
posed for evaluation under the CUPN-MACA 
combined monitoring program: freshwater fi sh 
communities, freshwater mussel communities, 
and benthic macro-invertebrates. Sampling for 
the faunal Vital Signs will involve sampling site 
co-location, wherever possible, in order to maxi-
mize use of available site information. Sampling 
co-visitation is expected to be very limited, as 
sampling for fi sh and mussels are technical and 
labor-intensive eff orts, and available staff  are 
likely to be limited in number. Benthic macro-
invertebrate sampling may co-occur with mus-
sel sampling and with fi sh sampling, depending 
on other system constraints and availability of 
personnel. Limited water quality sampling will personnel. Limited water quality sampling will 
co-occur with fi sh, mussel, and invertebrate sam-co-occur with fi sh, mussel, and invertebrate sam-
pling, as detailed in those protocols (see Chapter pling, as detailed in those protocols (see Chapter 
5). A separate sampling design and plan has been 5). A separate sampling design and plan has been 
developed expressly for Network-wide water developed expressly for Network-wide water 
quality monitoring, and is described in section quality monitoring, and is described in section 
4.6 of this chapter.    4.6 of this chapter.    

Table 4.5   Sampling Schedules for 4 Cave Monitoring Protocols 
(c=crickets, b=beetles, w=woodrats, and a=cave air 
parameters) in “Managed” and “Unmanaged” Caves. 

Panel “A” caves are sampled monthly,  panels “B” and “C”, bi-monthly, and panel “D”, every 
6 months. Letter combinations within a panel indicate site co-visitation. Panel “A” is a fully-
included subset of panel “C”, while panel “B” includes only 2 caves out of the 50 in panel 
“D” (partial overlap and co-location).

Panel 2006 2007

Month Month

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

A
6 of 9 
“managed” 
caves

a
c
b
a

a
c
a

a
c
a

a
c
b
a

a
c
a

a
c
a

a
c
b
a

a
c
a

a
c
a

a
c
b
a

a
c
a

a
c
a

B
6 “unmanaged” 
caves

c
b
a

c
a

c
a

c
b
a

c
a

c
a

c
b
a

c
a

c
a

c
b
a

c
a

c
a

C
Up to 9 
“managed” 
caves

w w w w w w w w w w w w

D
50 “unmanaged” 
caves

w w w w
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Sample Selection

MACA’s reach of the Green River (approxi-
mately 42 km) is used as the primary model 
for developing faunal monitoring for CUPN 
river-based biological resources. For monitoring 
purposes, MACA’s reach of the Green River is 
divided into functionally impounded and free-
fl owing zones, to refl ect the eff ects caused by 
the US Army Corps of Engineers Lock and Dam 
6 located at the downstream end of the park’s 
reach. The MACA reach is divided into forty-two 
1.0 km segments for primary location and dis-
tribution of sampling sites, as shown on Figure 
4.4. For monitoring purposes, all 42 segments 
are considered to be equally accessible by sam-
pling teams, and are considered to have equal 
probability for inclusion in simple, whole-reach 

sampling designs (proviso that no special habitat 
considerations are considered that would limit 
use of sites). MACA faunal sampling addresses 
whole-reach questions of community status and 
trends, and consideration of statistical compari-
sons between the upstream “free-fl owing” and 
downstream “impounded” zones. 

MACA river sampling designs use modifi ed strat-
ifi ed random sampling to distribute target sites 
for all faunal protocols. As MACA river monitor-
ing focuses strongly on tracking biological diver-
sity at the “whole reach” level, and does not seek 
to address detailed questions such as proximity 
to confl uences and tributaries, randomizing of 
segments for use without strong consideration 
of possibly close-together site-spacing is accept-
able. (The linear nature of river systems leads to 

Figure 4.4 Map of the Green and Nolin Rivers on MACA. MACA’s river reaches are divided into fi xed 
1.0 km segments for larger-scale distribution of sampling for all aquatic system protocols. MACA’s reach 
of the Green River (42 km) is functionally divided into two distinct habitats (“impounded” and “free-
fl owing”) for most protocols; providing stratifi cation in some sampling designs. The red and blue seg-
ments show a stratifi ed-random distribution of sampling segments for one protocol (fi sh community); 
red = permanent sampling sites, while blue = annually-redistributed sampling sites. Other protocols may 
co-locate on these same sites, depending on taxon-specifi c sampling requirements (e.g., mussel sam-
pling will occur only in segments with riffl e zones).
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potential auto-correlation in some parameters 
measured at sites closer in proximity to one 
another. This auto-correlation is not deemed 
to be a major concern in most faunal monitor-
ing planned for MACA or other CUPN river 
systems.)  The total available sampling frame will 
initially comprise all 42 identifi ed and marked 
segments. The MACA reach will include perma-
nent stratifi cation into two ca 12+ km sampling 
zones refl ecting impounded and free-fl ow condi-
tions, to allow consideration of the eff ects of the 
dam (Figure 4.4.). A constant segment length of 
1.0 km is considered to be acceptable for ade-
quate sampling and application of fi eld protocols 
for fi sh, mussel, and benthic macro-invertebrate 
sampling, when multiple segments are to be used 
in a design (replication within the reach). Seg-
ment selection will, wherever possible, include 
co-location of sampling for multiple protocols. 
Actual inclusion of any specifi c segment in 
any one protocol sampling design is, however, 
strongly eff ected by taxon-specifi c sampling 
requirements. For example; one component of 
mussel monitoring on MACA, quadrat sampling 
for live mussels, is restricted by practicality to 
shallower water and riffl  e zones (deep-water 
SCUBA sampling is prohibitively expensive); the 
only segments that can be used for live mussel 
monitoring are those that include permanent and 
near-permanent shallows and riffl  e zones.  

Panel Membership and Revisit Design

The general panel membership design for MACA 
Green River faunal monitoring is based on use of 
spatially-intermixed fi xed permanent and annu-
ally randomly-redistributed segments in a perma-
nently stratifi ed distribution. The initial goal of 
the sample segment or site distribution plan is to 
support a statistically-balanced sampling design 
by using equal numbers of fi xed and permanent 
sampling segments in each permanent stratum. 
Co-location of sampling for multiple protocols 
will depend on a given segment meeting the con-
ditions and requirements for use set forth by all 
of the considered protocols. Co-visitation is not 
deemed feasible for most MACA river monitor-
ing, and is not a driving consideration in either 
the panel membership or revisit designs.  A typical the panel membership or revisit designs.  A typical 
river sampling panel will consist of n permanent river sampling panel will consist of n permanent 
segments and n annually-redistributed segments segments and n annually-redistributed segments 
in each of two strata, as shown in Figure 4.4. This in each of two strata, as shown in Figure 4.4. This 
general segment and site distribution may be used general segment and site distribution may be used 
for fi sh, mussels, and benthic macro-invertebrates for fi sh, mussels, and benthic macro-invertebrates 
in the Green River.  

For monitoring fi sh, two sampling method-
ologies will be employed- electro-shocking 
in deeper waters, and seining in shallows and 
riffl  es. Use of any given river segment for either 
sampling method depends on the physical char-
acter of the segment (i.e., presence of a riffl  e 
zone and/or open pool areas). Sampling segment 
identifi cation is performed as follows: First, three 
permanent segments are identifi ed by random-
izing from a list of segments acceptable for elec-
tro-shocking in each stratum. A “blocking fac-
tor” (no two permanent sampling segments can 
be directly adjacent to one another) is used to 
ensure broader distribution within the stratum. 
Following selection of the three permanent seg-
ments, three “annually-redistributed” segments 
are identifi ed by randomizing from among the 
remaining electro-shocking-acceptable segments 
in the stratum. This process is repeated to select 
the sampling segments for application of the sec-
ond methodology, seining. Any segment selected 
for the fi rst panel (electro-shocking) may also be 
selected as either a permanent or annually-redis-
tributed segment in the seining panel, if it meets 
the habitat requirements for such sampling. 
Segments which are identifi ed for both electro-
shocking and seining provide a within-protocol, 
multiple methodologies co-located sample. Any 
river segment that contains a permanent riffl  e 
or shallows may be selected for use in both fi sh 
(seining-based) and mussel monitoring, and 
could provide multi-protocol co-location of 
sampling. 

Distribution of sampling for mussel monitoring 
(currently in early development) will follow a 
“two-methodologies, two-panel” design: quadrat 
sampling for live mussels will occur in six perma-
nent segments, while sampling for mussel shell 
diversity will occur in muskrat middens that are 
identifi ed in river segments selected in each sam-
pling year. Mussel sampling segments are select-
ed from the 42 total segments of the park’s reach 
of the Green River, without use of a priori strati-
fi cation. As acceptability of segments for  mussel 
sampling is strongly constrained by having an 
accessible shallows and/or riffl  e zone, the list of 
acceptable segments is likely to be small. Conse-
quently, no a priori rule barring use of directly a priori rule barring use of directly a priori
adjacent segments will be used in this segment adjacent segments will be used in this segment 
selection. Segments used for sampling mussel selection. Segments used for sampling mussel 
shells in middens will be selected by fi rst iden-shells in middens will be selected by fi rst iden-
tifying all likely candidate segments at the start tifying all likely candidate segments at the start 
of a sampling event. This list may include any or of a sampling event. This list may include any or 
all of the previously-selected live-sampling seg-all of the previously-selected live-sampling seg-
ments, if such are found to contain middens. The ments, if such are found to contain middens. The 
list of acceptable segments (those containing at 
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Table 4.6 A proposed logistic plan for two protocols (fi sh diversity 
and mussel diversity) on the Green River (MACA). 

Two sampling panels, together with proposed sampling schedules, are shown for each 
protocol. Each panel includes a set of sites that will be sampled on the indicated schedule 
with a given methodology. For both protocols, the same segments=sites may be used for 
both methodologies, providing that the targeted habitats for both methodologies exist 
within that same site (“within-protocol” co-visitation). The same segments may also be used 
for both protocols on a co-location basis, but are unlikely to be co-visited, due to staff and 
resource limitations.

Protocol Panel

Fish Diversity A
6 Electro-

shocking sites
    

B
6 Seining sites     

Mussel Diversity C
6 “always 
revisited” 

live sample 
segments

    

D
n (TBD) 
muskrat 
midden 

segments

  

Ye
ar

 1

Ye
ar

 2

Ye
ar

 3

Ye
ar

 4

Ye
ar

 5

Ye
ar

 6

Ye
ar

 7

Ye
ar

 8

Ye
ar

 9

Ye
ar

 1
0

least one midden) will then be randomized to 
identify a sampling set of n (TBD) segments. If 
suffi  cient acceptable sites are available in both 
permanent strata, the distribution of midden 
sampling segments will be balanced between the 
strata; otherwise, all acceptable segments will 
be treated as one pool for randomization. Once 
identifi ed, mussel-sampling segments will be 
grouped into two panels: the fi xed-n set of 6 per-
manent sites which are used for live sampling in 
each sampling year, and the (possibly varying n) 
set of segments used for midden surveys. 

The proposed general revisit design for Green 
River fi sh and mussel sampling is presented in 
Table 4.6. Four panels are presented; two for fi sh 
(electro-shocking, “A”, and fi sh seining, “B”), and 
two for mussels (live sampling, “C”, and muskrat 
midden shell sampling, “D”). The fi sh panels in-
clude both “always revisit”, permanent segments 
and sites, and “annually-redistributed” segments. 
The live mussel panel consists of six permanent, 
“always revisit” segments, while the midden pan-

el consists of n segments that are newly identi-
fi ed in each sampling year. All segments and sites 
in both fi sh panels will be sampled on the same 
bi-annual schedule (a “1 – 1”, or 1 year on, 1 year 
off , schedule). Mussel sampling will occur on a 
1–1 schedule, with all segments and sites of both 
panels being sampled every other year. Where 
the same segment is being sampled for both fi sh 
and mussels, sampling co-location will occur, 
but each taxon will be sampled in diff erent years 
(thus, no site co-visitation is anticipated). 

4.6. The CUPN-MACA Water 
Quality Monitoring Design 

Conservation of the surface and subsurface 
aquatic ecosystems of a park relies on the knowl-
edge of, and the ability to recognize, long-term 
trends in water quality.  Over the next few years, 
due to extensive monitoring eff orts, many park 
managers and researchers will, for the fi rst time, 
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be able to see the eff ects of landscape-scale use 
and change upon these aquatic ecosystems. 
Water quality monitoring data are central to 
any long-term aquatic system monitoring ef-
forts.  Rather than developing independent 
rationales and protocols, the CUPN-MACA will 
adapt sampling protocols as well as particular 
monitoring strategies (non-conditional synoptic 
sampling) from the United States Geological Sur-
vey (USGS) National Water Quality Assessment 
(NAWQA) program. 

Water samples are taken regardless of fl ow and 
weather conditions, on fi xed calendar dates. 
Sampling locations are either “integrator sites” 
(locations commonly at tributary confl uences or 
springs which are representative of water quality 
issues within individual sub-basins) or “indica-
tor sites” (locations downstream from either 
suspected or documented water quality threats 
or with pristine conditions).  It is recognized that 
in order to best fi t with other CUPN-MACA 
monitoring activities some fl exibility in site selec-
tion is likely. This strategy, over the long-term, 
has proven to yield statistically valid data used to 
track long-term trends in water quality (Gilliom, 
et al., 1995).

Long-term monitoring is not designed to re-
spond to catastrophic or singular events that 
might aff ect water quality such as a break in a 
sewer line, for example.  Rather, the program is 
designed to form a comparative database of se-
lected water quality parameters over time, from 
within an individual park or stream.  Parks with-
in a particular ranking category may be cross-
comparable, but charting changes in water qual-
ity within a particular park is the main statistical 
use intended for the long-term data.  Through an 
early series of Vital Signs workshops and other 
planning meetings with park managers, the water 
quality monitoring program was devised to meet 
the management objectives of the CUPN parks 
(Appendix G, Phase I Workshop Results and Ap-
pendix B, Conceptual Framework for MACA). 

It is not the intention that the details of the 
CUPN Water Quality Monitoring Program and 
associated protocols and SOPs be addressed in 
this chapter.  For sake of brevity details describ-
ing sampling rationale, schedule, budget, QA/ing sampling rationale, schedule, budget, QA/
QC, and data management can be found within QC, and data management can be found within 
the following appendices:the following appendices:

The “CUPN Water Quality Monitoring Pro-The “CUPN Water Quality Monitoring Pro-
gram” (Appendix E) contains:

2 Maps showing the location of each WQ 
sampling station.  As each park is discussed 
individually, a separate map was prepared for 
each park.  They are found at the end of each 
park’s “Hydrogeological Assessment” sec-
tion.  Sites are also summarized in terms of 
impairment in a table, same section.

2 A list of water quality parameters, both fi eld 
and laboratory measures can be found in 
“Monitoring Parameters” section.  A more 
detailed explanation can be found in the 
“Water Quality Parameters; Field Measures 
and Laboratory Measures” section.

2 A discussion of sampling frequencies can be 
found in “Monitoring Responsibilities and 
Logistics” section.

2 Personnel and sampling duties can be found 
in “Sampling Program” section.

2 Sampling design and rationale are found in 
two sections, “General Discussion and Con-
ceptual Plan” and “Sampling Design”.

The “Water Quality Monitoring Protocol, Cum-
berland Piedmont Network” (Appendix S) con-
tains additional elements of Section 4.6.  This 
document contains:

2 A complete discussion of protocols and as-
sociated SOPs.

2 A detailed Data Management discussion is 
found in SOP #6 “Data Management”.  In 
combination with the Field and Laboratory 
QA/QC documents of the “CUPN Water 
Quality Monitoring Plan” (Appendix E of 
this document), this SOP assures data quality 
from the fi eld, through the lab, and ultimately 
to the annual WQ data roll-up and reporting 
to individual parks.

Monitoring Objectives

Water resources of the CUPN range from the an-
cillary unnamed tributaries which harbor no rare cillary unnamed tributaries which harbor no rare 
or threatened aquatic species, to water bodies or threatened aquatic species, to water bodies 
that provide an aesthetic backdrop to the park that provide an aesthetic backdrop to the park 
area, to nationally signifi cant waters which are area, to nationally signifi cant waters which are 
the core natural resources of parks.  These wa-the core natural resources of parks.  These wa-
ters also vary from pristine mountain springs and ters also vary from pristine mountain springs and 
streams to urban rivers currently on the USEPA streams to urban rivers currently on the USEPA 
303d list of impaired waters.  Some parks’ waters 
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(MACA, CUGA, and LIRI for example) contain 
rare or endangered species, provide an important 
recreational opportunity to the public, and may 
be mentioned in the park’s Enabling legislation.  
Other parks’ (CARL, ABLI for example) waters 
do not contain signifi cant biological communi-
ties, nor are they used recreationally.  They do, 
however, provide an important backdrop, in 
terms of general aesthetics or interpretation.  In 
addition, the CUPN has several military parks 
(GUCO, NISI, FODO) where the water resourc-
es are not particularly important in terms of bio-
logical or recreational signifi cance, nor are they 
important from a general interpretative stand-
point.  In short, not all water resources, nor park 
management objectives are equal in all parks of 
the CUPN.  Therefore, the individual monitoring 
objectives (including the frequency of sampling 
and parameter lists) must be tailored to meet the 
overall park management objectives.

The monitoring objectives, based upon input 
from each park through Vital Sign Workshops 
can be stated as follows:

1. Determine if concentrations of selected 
parameters (key nutrients, bacteria, and key 
physical characteristics) are changing mono-
tonically over time and estimate rates of 
change.

2. Provide a water quality benchmark to help 
compare changes in the aquatic biologic 
communities.

3. Provide data to determine the basic eff ects of 
atmospheric contaminants (acid precipita-
tion).

4. Provide data to determine pollutant sources 
(non-point source contaminants versus 
point-sources).

5. Provide data to determine impacts to water 
quality by in-park activities within selected 
watersheds.

6. Determine if the park is meeting the desig-
nated use water quality requirements.

Sampling Parameters

At this time, each park (with exceptions of 
CUGA and LIRI which currently operate their 
own programs)has undergone two years of wa-
ter-quality sampling.  These data serve as a wa-
ter-quality inventory in which a broad range of 
parameters (Table 4.7) were analyzed, including:

From this inventory, and examination of exist-
ing data a series of water quality reports was 

Table 4.7.   Water Quality Parameters Included in the Two-Year 
Inventory Phase.

Bacteria                Fecal Coliform Other  Chlorophyll-a

  Atrazine

Nutrients Ammonium   Turbidity

  Nitrite   Total Organic Carbon

  Nitrate

  Phosphate Sediment Total Suspended

  Total Fixed

Major Ions Sulfate   Total Volatile

(dissolved) Calcium

  Magnesium Field   pH

  Barium Measures Water Temperature

  Chloride   Specifi c Conductance

  Sodium   Dissolved Oxygen

  Fluoride   Acid Neutralizing Capacity

  Discharge
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prepared for each park.  Data were interpreted, 
each parameter above was graphed and results 
discussed with park lead natural resource man-
agers and or park superintendents.  From the re-
view of the water quality inventory a fi nal list of 
long-term parameters was chosen for each park. 
For parks not yet sampled under the CUPN Pro-
gram, LIRI and CUGA, there are active monitor-
ing programs in place and based upon existing 
data, park managers were able to articulate the 
list or parameters to be monitored long term.  

Field Parameters include the mandated “Core 
Four” measures, as well as acid neutralizing ca-
pacity and discharge.  These “Core Four” param-
eters, mandated for all water quality monitoring 
programs by the Water Resources Division in-
cludes water temperature, specifi c conductance, 
pH, and dissolved oxygen.  Additional data re-
garding air temperature, general meteorological 
conditions, barometric pressure, general estimate 
of precipitation during the previous week, fl ow 

condition, and notes of hydrologic observations 
will also be recorded at each site visit.

2 Water temperature is an important and 
simple measurement that related to a host 
of other fi eld and laboratory parameters.  
Although all in-situ fi eld measurements are 
temperature-compensated, water tempera-
ture is a parameter listed in several desig-
nated uses in CUPN waters.

2 pH is an inexpensive and key fi eld measure-
ment in nearly every CUPN waterbody.  
Although our waters do not have acid mine 
drainage common to Appalachian waters, 
many Network streams have little buff ering 
capacity and are susceptible to decreased pH 
due to acid precipitation.

2 Specifi c conductivity (spC) is refl ective of the 
ionic strength (concentration) of the water.  
Two years of water quality inventory have 

Table 4.8.  Water Quality Parameters, by Park, to be Included in the 
Long-Term Program.

Park Temp pH SPC DO ANC Q Bacti* N03 P04 SO4 Atra Turb

ABLI       

CARL       

CHCH       

COWP       

CUGA        

FODO      

GUCO       

KIMO       

MACA           

LIRI            

NISI       

RUCA       

SHIL       

STRI       

*Bacteria includes both E. coli and total coliform.

Table 4.8a.  Additional Water Quality Parameters Proposed to be 
Addressed by MACA During Its Rounds of Monthly 
Non-Conditional Synoptic Sampling.

TSS Phyto-
plankton

K TOC NH4 CA NA MG Li Chloride Fluoride Barium

           
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demonstrated that many CUPN waters have 
very low spC as they are recharged by silisi-
clastic or granitic strata and carry very low 
dissolved ionic loads.

2 Dissolved Oxygen is again an inexpensive 
and easy fi eld measure that is refl ected in 
every designated use category of park waters.  
Dissolved oxygen is of course vital to aerobic 
aquatic life.  Depressed oxygen levels may be 
an indicator of eutrophic conditions.

2 Barometric Pressure is recorded prior to 
taking dissolved oxygen measurements.  
Barometric pressure, in this case, is absolute 
pressure – taking into account site elevation 
– and is used to calibrate the dissolved oxy-
gen meter at each site visit.

2 Acid Neutralizing Capacity (ANC), similar 
to alkalinity except the sample is not fi ltered 
prior to analysis, is important to monitor as 
an indicator of a stream’s ability to buff er ad-
ditional acid loads.  The two-year inventory 
has shown that many CUPN waters have very 
low ANC values, low enough that a revised 
protocol (Appendix S) was developed to ac-
curately measure bicarbonate concentrations.

2 E. coli and total coliform are indicator bacteria E. coli and total coliform are indicator bacteria E. coli
for the presence of animal wastes, including 
human.  During the two-year inventory we 
used fecal coliform as a bacterial indicator, but 
for better reproducibility, ease of analysis, and 
concordance with new state regulations we 
have decided to switch to E. coli and total coli-E. coli and total coli-E. coli
form MPN tests (Appendix S).

2 Discharge (Q) is determined by stream veloc-
ity profi les at wadable streams and estimated 
(fl ow conditions) for non-wadeable streams.  
Discharge can be of great interpretative im-
portance in determining potential sources 
(point or non-point) of contaminants by cal-
culating fl ow-weighted values, and mass-fl ux 
(loading) analysis.

2 Nitrate is considered the limiting nutrient for 
streams of the CUPN.  The two-year inven-
tory showed cause to include nitrate at ABLI, 
RUCA, and STRI where nitrate levels ap-
proach state designated use limits.  Previous proach state designated use limits.  Previous 
water quality monitoring at LIRI have also water quality monitoring at LIRI have also 
shown high levels of nitrate at that park.shown high levels of nitrate at that park.

2 Phosphate and sulfate has been shown to be 
of occasional high values at LIRI, and will be 

included in the long-term.  Review of exist-
ing data and the two-year inventory did not 
show that phosphate and sulfate was an issue 
at other CUPN parks.

2 Atrazine, one of the most commonly applied 
herbicides in the country (a member of the 
triazine-class of broad-leaf herbicides) have 
been found in the waters of LIRI.  The two-
year inventory eff ort did not indicate atrazine 
to be present above detection limits in the 
other CUPN parks.

2 Turbidity has long been a key monitoring 
parameter at CUGA and LIRI and will be 
continued at those parks.  The two-year in-
ventory showed predictable increases in tur-
bidity during high fl ow events.  It is possible 
that in the future that turbidity will be added 
to all CUPN parks, providing an acceptable 
fi eld turbidity protocol can be adapted.

Recommended Sampling Sites

Several criteria were used in choosing sampling 
sites.  

2 The site’s utility as an “integrator site” – locat-
ed at the downstream end of a stream, spring, 
or tributary which are of interest because of 
presence or absence of signifi cant sources of 
pollutants within their watersheds.

2 The presence of signifi cant aquatic resources 
in a stream segment, where water quality 
trend information is needed to corroborate 
biological trends, or to provide park manag-
ers an early warning of potential problems.

2 The management interest of a particular site, be it 
either legislative (protection status mandated by 
park legislation or management plans) or regula-
tory (placement on non-attainment (303d) list.

2 The presence of existing water quality data 
at a given site.  While most sites in the CUPN 
have not been sampled prior to this program, 
some have.  An existing water quality record some have.  An existing water quality record 
adds to the utility of establishing long term adds to the utility of establishing long term 
trends if reoccupied in this program.trends if reoccupied in this program.

2 The accessibility of the site.  Since each park  The accessibility of the site.  Since each park 
will be sampled synoptically during a single will be sampled synoptically during a single 
day, sites must be chosen that allow easy and day, sites must be chosen that allow easy and 
quick access during all fl ow conditions.
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2 The ability to safely access a sampling site.  
Since many water samplers will be alone, sites 
must be accessed safely in all conditions.  

It is not possible to describe each of the nearly 
100 sampling sites in this chapter.  A complete 
description of each site, as well as the rationale 
for inclusion is found in Appendix E “Water 
Quality Monitoring Program for the CUPN-
MACA”.

Developed primarily from protocols of the 
USGS NAWQA, the CUPN-MACA Water Qual-
ity Program is designed to provide an integrated 
assessment of the spatial distribution of general 
water-quality conditions in relation to hydrologic 
conditions and major sources.  The fi xed month-
ly, bi-monthly, or quarterly (based upon Water 
Resources Ranking) sampling schedule provides 
comparative statistics for the selected sites and 
parameters under variable fl ow conditions.

The USGS NAWQA program rationale will serve 
as the foundation for the CUPN-MACA water 
quality monitoring eff orts.  There will be, due 
to matters of budget, logistics, and relevance, 
modifi cations to the NAWQA sampling schedule.  
These matters are discussed later in the CUPN-
MACA Water Quality Monitoring Program, Ap-
pendix E.

Through dialogue at Vital Signs Workshops, 
conversations with park resource managers and 
superintendents, and hydrological assessments, a 
list a candidate sites was made and then ranked.  
The lower cut-off  was made to include only the 
highest priority sites in any given park that can 
be sampled during one day.  Furthermore, rather 
than subdividing sites into groupings, individual 
parks were ranked on the relative importance of 
their water resources.  

During the summer of 2001, MACA hydrologist 
Joe Meiman visited each CUPN park to conduct 
hydrogeologic assessments.  A major objective of 
the assessments was, through dialogue with park 
managers, to compile a list of potential monitor-
ing sites.  Sites were chosen based upon man-
agement needs (recreational use for example), 
biological reasons (occurrence of listed species), 
and to align, if possible, for future co-location and to align, if possible, for future co-location 
with sites for aquatic biological monitoring.  with sites for aquatic biological monitoring.  
In nearly every case, sites were chosen by the In nearly every case, sites were chosen by the 
NAWQA rationale, to refl ect integrator locations NAWQA rationale, to refl ect integrator locations 
as defi ned above. Some parks (SHIL, MACA, as defi ned above. Some parks (SHIL, MACA, 
LIRI, CUGA) have active programs or a recent LIRI, CUGA) have active programs or a recent 
history water quality monitoring.  In these cases, 

the sampling sites chosen for this program are 
the same or a sub-set of past sites.  

Parks are ranked in accordance to the signifi -
cance of their water resources although in light 
of additional data and park management objec-
tives these rankings may change prior to the fi nal 
draft of the WQ program.  Category One parks 
will be sampled on a fi xed monthly date for two 
years followed by fi ve “off  years” before the cycle 
starts again.  Category Two parks will be sampled 
once every two months every other year.  Cate-
gory Three parks will be sampled quarterly every 
other year.

Category One parks– Water resources are cen-
tral to the park’s establishment or mission.  High 
amount of recreational use activities.  Contains 
federally or state listed threatened, endangered 
or rare aquatic or dependent species.  Known ex-
ceedences of key water quality standards or 303d 
listed waters.  High probability of water resource 
damage with little or no information of funda-
mental elements of hydrogeology or water quality.

CHCH, CUGA, LIRI, MACA, RUCA, SHIL, 
STRI

Category Two parks– Water resources, although 
important with respect to general interpretation 
or aesthetics, are not central to park establish-
ment or mission. Limited or no recreational use. 
Contains no federally or state listed threatened, 
endangered or rare aquatic or dependent species.

ABLI, CARL, KIMO

Category Three parks– Water resources not 
central or perhaps not even mentioned in park 
establishment or mission.  No recreational use. 
Contains no federally or state listed threatened, 
endangered or rare aquatic or dependent spe-
cies.  In general, water resources are ancillary in 
nature and management.

COWP, GUCO, FODO, NISI

MACA is a Prototype Park, and as such, a sub-
stantial additional eff ort will be made to monitor 
the quality of its waters.  MACA, being identi-the quality of its waters.  MACA, being identi-
fi ed as a Category One park, will participate in fi ed as a Category One park, will participate in 
monthly non-conditional synoptic sampling monthly non-conditional synoptic sampling 
under the auspices of the rest of the CUPN pro-under the auspices of the rest of the CUPN pro-
gram.  In addition, as a Prototype park, MACA gram.  In addition, as a Prototype park, MACA 
will take on additional sampling and protocol will take on additional sampling and protocol 
design/testing during the fi ve year “off  period”.  design/testing during the fi ve year “off  period”.  
These eff orts will focus on both topical (tem-



  Vital Signs Monitoring Plan

75

Table 4.9.  Water Quality Sampling Schedule for CUPN-MACA parks.  

One complete cycle, plus one year, is shown.
  

Park Freq. FY03 FY04 FY05 FY06 FY07 FY08 FY09 FY10

ABLI BiMo    

CARL Qrtly    

CHCH Mntly   

COWP Qrtly    

CUGA Mntly        

FODO Qrtly    

GUCO Qrtly    

LIRI Mntly        

KIMO BiMo    

MACA Mntly        

NISI Qrtly    

RUCA Mntly  

SHIL Mntly  

STRI Mntly   

 Additional park-specifi c water quality monitoring

poral, spatial, and parametric) and fl ood-pulse 
(run off ) sampling.  The CUPN program will 
cover the analytical costs, like any other CUPN 
park for the associated parameters listed in Table 
4.8 during the normal non-conditional monthly 
rounds.  The cost of any additional parameters 
(Table 4.8a) will be borne by MACA.

Initial water quality sampling for the CUPN 
began in late 2002.  This primary round, using 
the same protocol (Appendix S) and sample fre-
quency as will be used throughout the program 
(Table 4.9), was basically a water quality inven-
tory and protocol testing eff ort.
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Monitoring protocols are detailed study plans that 
explain how data are to be collected, managed, 
analyzed, and reported, and are a key component 
of quality assurance for natural resource monitor-
ing programs.  Protocols are necessary to be cer-
tain that changes detected by monitoring actually 
are occurring in nature and not simply a result of 
measurements being taken by diff erent people or 
in slightly diff erent ways. . . . A good monitoring 
protocol will include extensive testing and evalu-
ation of the eff ectiveness of the procedures before 
they are accepted for long-term monitoring.  Peer 
review of protocols and revisions are essential for 
their credibility.  The documentation should in-
clude reviewers’ comments and authors’ responses.  
(Oakley, et.al, 2003)

5.1   Protocol Development 
Schedule

On March 22-24, 2004, an interagency program 
review was held at Mammoth Cave National 
Park.  A fi ve-person review team was appointed 
by the two agencies to provide recommendations 
regarding the scientifi c direction and administra-
tive organization and operation of the prototype 
and Network monitoring eff orts.  The review 
team included the following fi ve members:

2 Dr. Steven Fancy (NPS National Monitoring 
Program Leader)

2 Mr. Ron Kerbo (NPS National Cave Manage-
ment Program Coordinator)

2 Mr. Larry West (NPS Regional IM Coordina-
tor, Southeast Region)

2 Dr. Paul Geissler (USGS-BRD National Park 
Monitoring Project Coordinator)

2 Dr. Edward Pendleton (USGS-BRD, Aquatic 
Ecology Branch Chief, Leetown Science Cen-
ter).

Recommendations from this team included a 
schedule for development of sampling protocols 
for the short list of seventeen Vital Signs (Appen-
dix D contains the full list of recommendations).  
Sampling protocols for the CUPN-MACA moni-
toring program will follow the NPS-USGS stan-
dards published in Oakley et al., 2003.  The rec-
ommended target completion dates are shown in 
Table 5.1.

The CUPN-MACA program completed full de-
velopment of three draft protocols by December 
15, 2004.  One full protocol for Water Quality 
Monitoring is included in this report as Ap-
pendix S, and was sent along with the other two 

Chapter FiveSampling Protocols

Table 5.1  Recommended Schedule for Protocol Development 

Allegheny Woodrats Dec. 15, 2004

Cave Crickets Dec. 15, 2004

Water Quality Dec. 15, 2004

Cave Air Dec. 15, 2005

Cave Aquatic Fauna Dec. 15, 2005

Cave Beetles Dec. 15, 2005

Fish Community Diversity Dec. 15, 2005

Passive Ozone SOP (part of ozone and ozone impacts on plants) Dec. 15, 2005

Benthic Macroinvertebrates Dec. 15, 2005
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protocols for Woodrats and Crickets for review 
by the Southeast Regional Offi  ce and Southern 
Appalachian Cooperative Ecosystem Study Unit.  
Due to information gathered during FY04, two 
of the 2005 protocols (BMI and Cave Aquatic 
Fauna) will be moved to the 2006 list. 

Network protocols for Invasive Plants, Adjacent 
Land Cover Change, and Vegetation Communi-
ties are also high priority; however, these proto-
cols are currently under development by several 
other IM Networks, and protocol development 
work for the CUPN will be done in collaboration 
with other networks to ensure a cost-eff ective 
approach and to promote comparability of data 
among networks.  Other high-priority protocols 
that will be completed by the Network after 2005 
include Rare Plants, Forest Pests, Mussel Diver-
sity, Atmospheric Deposition, and Cave Bats (see 
Table 5.2 for current schedule).

5.2   Prototype Role in Protocol 
Development

As discussed in the previous chapter, protocol 
development often involves a multi-year research 
eff ort to determine the appropriate spatial and 
temporal scale for sampling and to test monitor-
ing procedures before they are implemented for 
long-term monitoring.  To assist with the design 
and testing phase, the Servicewide IM Program 
and USGS Status and Trends Program provide 
higher levels of funding and staffi  ng to the 
MACA Prototype.   MACA has a larger profes-
sional staff  than other parks in the Network and 
is providing technical expertise and assistance 
with protocols needed by other parks in the Net-
work.  Thus far, this assistance has been essential 
for the testing of both the water quality and 
ozone monitoring sampling designs, and will also 
apply toward development of future Network-
wide protocols, such as forest pests. 

5.3   Protocol Development 
Summaries

For CUPN-MACA, three full protocols were For CUPN-MACA, three full protocols were 
submitted for review in December 2004 and submitted for review in December 2004 and 
the remaining fourteen Vital Signs are covered the remaining fourteen Vital Signs are covered 
by a “placeholder” protocol development sum-by a “placeholder” protocol development sum-
mary (PDS).  One-to-two page summaries are mary (PDS).  One-to-two page summaries are 
required for monitoring protocols planned for 

implementation  within the next 3-5 years.  The 
PDS describes why the protocol is needed, the 
specifi c issues and questions being addressed, 
the specifi c measurable objectives, the proposed 
methodological approach, and other details.  The 
PDS includes the following material:

2 Protocol: [title of the protocol]

2 Parks Where Protocol will be Implemented: 
[names or 4-character codes for the parks 
where the protocol is likely to be implement-
ed over the next 5 years]

2 Justifi cation/Issues being addressed:  [a para-
graph or two justifying why this protocol 
needs to be developed]

2 Monitoring Questions and Objectives to be 
Addressed by the Protocol:  [specifi cs if pos-
sible]

2 Basic Approach: [description of any existing 
protocols or methods that will be incorporat-
ed into the protocol, the basic methodologi-
cal approach and sampling design]

2 Principal Investigators and NPS Lead:  [the 
name and contact information for the Princi-
pal Investigators and for whoever in the NPS 
is responsible for working with the P.I.s to en-
sure that the protocol meets Network needs.]

2 Development Schedule, Budget, and Ex-
pected Interim Products:  [describe costs, 
length of time, and interim products (annual 
reports, sampling designs, etc.) expected]

The PDS fi les for the seventeen protocols 
CUPN-MACA will develop and implement 
monitoring using funding from the Vital Signs 
or water quality monitoring programs can be 
found in Appendix R.  For all details on checklist 
related to Water Quality, refer to the protocol in 
Appendix S.
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This chapter provides an overview of the CUPN-
MACA data management program.  Data man-
agement planning is currently being addressed at 
three levels of detail (Figure 6.1).  First, there are 
two chapters in this document (Chapters 6 and 
7) that provide summary information excerpted 
from the overall Data Management Plan (DMP) 
(see Appendix T).  The DMP itself contains more 
detail about the overall data management pro-
gram.  At the third (highest) level of detail, a spe-
cifi c monitoring protocol captures the standard 
operating procedure (SOP) for the data manage-
ment of each Vital Sign.  This approach ensures 
the Network has adequately considered and can 
articulate their data management standards and 
strategies before data collection begins.

long-term ecological monitoring goals and 
objectives of the Cumberland Piedmont Net-
work, MACA Prototype, and National I&M 
Program.

2 Ensure long-term integrity and availability of 
data products produced and/or utilized by 
the Network and Prototype.

2 Facilitate adoption and use of high-quality 
data management principles, policies and 
procedures as an integral part of day-to-day 
Network and Prototype activities.

2 Maintain properly trained staff  members that 
understand their roles and responsibilities for 
data collection, entry, analysis, and reporting.

2 Ensure adequate hardware and software 
resources (tools) for managing data are avail-
able.

6.2  Scope of Data  

The scope of data management for the CUPN 
covers the Vital Signs monitoring program, bio-
logical inventory data, related natural resource 
data, and base cartographic layers. Management 
of these data sources is covered in the Data 
Management Plan (Appendix  T). This chapter 
and Chapter 7 will highlight a portion of that 
plan by focusing on data used within the Vital 
Signs monitoring program.  

There are several key ways that Vital Signs data 
will serve as the measure of success for the moni-
toring program: 1) Vital Signs data will be used to toring program: 1) Vital Signs data will be used to 
represent and detect trends in selected indicators represent and detect trends in selected indicators 
of park ecosystems, which will then be used to of park ecosystems, which will then be used to 
make statements regarding the status of the over-make statements regarding the status of the over-
all condition of the ecosystem.  The ability of the all condition of the ecosystem.  The ability of the 
program to properly interpret and communicate program to properly interpret and communicate 
data will drive many park management decisions; data will drive many park management decisions; 
2) Data will also be used as a trigger for manage-2) Data will also be used as a trigger for manage-

Chapter SixData Management

General
Overview

CUPN/Prototype Vital
Signs Monitoring Plan,
Chapter 6 & 7

CUPN/Prototype Data
Management Plan

Individual Monitoring
Protocol-Data
Management SOPs

Highly
Detailed

Figure 6.1 Data Management Planning/Guidance Documents 
   for the CUPN and MACA Prototype

6.1  Long-term Data Management 
Goals 

Database management planning is an attempt to 
organize eff orts such that the long-term goals of 
the Inventory and Monitoring program are met.  the Inventory and Monitoring program are met.  
The CUPN-MACA data management program The CUPN-MACA data management program 
has fi ve main goals:has fi ve main goals:

2 Develop a data management process that 
supports and enhances the inventory and 

Fig. 6.1   Data management planning/guidance 
documents.
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ment actions when abnormal conditions arise.  
The ability to know the diff erence between natu-
ral variation and abnormal variation, therefore, 
rely on proper use of the data; 3) Data will track 
progress toward performance goals and restora-
tion eff orts.  The parks will at last have a program 
in place that will help answer many questions 
related to the Government Performance Re-
sults Act (GPRA).  To summarize, our ability to 
properly manage data will be the ultimate test 
of the monitoring program.  If the data fail, our 
program fails.  We, therefore, have made a com-
mitment to develop and follow data management 
concepts laid forth in the Vital Sign Monitoring 
Protocols and the attached Data Management 
Plan (Appendix T).

6.3  Data Management Roles and 
Responsibilities (modifi ed NCCN material, (modifi ed NCCN material, (

portions of which were adapted from the NPS Prairie 

Cluster Prototype Data Management Plan 2002).

Project leaders, data managers, and GIS special-
ists comprise the central data management team 
for inventory and monitoring projects.  Each is 
responsible for certain aspects of project data, 
and all share responsibility for some overlap-
ping tasks.  Because of the collaborative nature 

of project data management, communication 
among project leaders, data managers and GIS 
specialists is essential to meeting program goals.  
The following section outlines the individual and 
shared responsibilities of each role.  For more 
details on roles and responsibilities, see Chapter 
2 of the DMP.  

Project leaders: The project leader is accountable 
for data quality during all phases of the project, 
including collecting, entering, handling, review-
ing, summarizing, and reporting data.  Develop-
ing project documentation and metadata are 
crucial elements of the project leader’s role.

Data managers: The data manager is responsible 
for ensuring the compatibility of project data 
with program standards, for designing the infra-
structure for the project data, and for ensuring 
long-term data integrity, security, and availability.

GIS specialists: The GIS specialists manage 
spatial data themes associated with Network 
inventory and monitoring projects, as well as 
other spatial data related to the full range of park 
resources.  They also maintain standards for geo-
graphic data and are responsible for sharing and 
disseminating GIS data throughout the Network.

6.4  Overview of Data Manage-
ment Process (modifi ed OLYM material from 

J.Boetsch)

A project can be divided into fi ve primary stages:  
planning and approval; design and testing; imple-
mentation; product integration; evaluation and 
closure (Figure 6.3).  Each stage is characterized 
by a particular set of activities that are carried 
out by various people involved in the project.  

I. Planning and Approval is where many of 
the preliminary decisions are made regard-
ing data scope and objectives.  Existing data 
sources should be reviewed at this point.

II. Design and testing is where the details are 
worked out regarding how data will be ac-
quired, processed, analyzed, reported and 
made available to others.

III. Implementation is where data are acquired, 
processed, error-checked and documented.  
This is also when products such as reports, 
maps, GIS themes, and other products are 
developed and delivered. 

tcejorP
redaeL

na seesrevo d
stcerid
tcejorp

snoitarepo

SIG
pS laice si t

etaroprocni s
 seganam dna

ad laitaps at

Da M at a regan
usne r ad se at

ar o e r nag ,dezi
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va lia a lb e
 ataD tcejorP
tnemeganaM

Fig. 6.2  ‘Core Roles’ for effec-
tive projectdata management
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IV. Product Integration is where data products 
and other deliverables are integrated into 
national and network databases, metadata 
records are fi nalized and posted in clear-
inghouses, and products are distributed or 
otherwise made available to its intended au-
dience.

V. Evaluation and Closure After products are 
catalogued and made available, program 
administrators, project managers, and data 
managers should work together to assess 
how well the project met its objectives, and 
to determine what might be done to improve 
various aspects of the methodology, imple-
mentation, and formats of the resulting infor-
mation. 

oL ng ret- m
om nito ir a gn nd

other m u tl y-i ear
tcejorp s

issecorp gn

Examples of activies done during each phase
(core data management activities in bold)

• background review of related existing information
• identify measurable objectives and target population
• proposal, budget, solicit and secure funding
• permits, compliance*
• develop study plan
• identify project deliverables
• contracts/agreements

• develop methodology and/or adapt existing methods”
• define SOPs, procedures, and guidelines
• create/revise data sheets and data dictionaries
• data structure design and modifications
• database system construction
• preliminary pilot work
• initiate metadata development
• Identify destinations for deliverables
• peer review

• logistics planning, hiring, contracting, training
• installation of equipment and monitoring plots
• equipment purchasing and maintenance

• data collection, acquisition of external data sets
• data entry, data processing, quality assurance, validation, 

certiication

• summarization and analysis, map production
• interpretation and reporting – annual reports, trend analysis, 

technical reports, final reports
• metadata development
• product review, revision of products not meeting requirements

• finalize and post metadata and data products
• catalogue products
• integrate project data with national databases
• archival and records management
• distribution of products to intended audience

• evaluate how well this project met its objectives, and what modifica-
tions need to be made to methods, procedures, data design,etc.

• sign off – project requirements have been met, deliverables are 
complete and avaiable.

Project initiation

Planning &
Approval

Design & TestingRevisions to
protocols &
databases

Changes
needed?

Implementation

Yes

No
Preparation

Data 
acquisition
& Processing
Product
development,
delivery &
review

Product
integration

Evaluation
& closure

Administrative
reporting &
work plan

Project conclusion
* Determination of permit and compliance requirements often requires 

detailed knowledge of project methods, which are often not fully developed 
until after the planning and approval stage; therefore, methods development 
and compliance is an iterative process.

Figure 6.3  Conceptual model of 
project work fl ow
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For more detailed information on the data man-
agement process, see Chapter 3 of the DMP. 

6.5  Key Data Tools for Metadata 
and Archiving

Data documentation is a critical step toward en-
suring that data sets are useable for their intend-
ed purposes well into the future.  This involves 
the development of metadata, which can be 
defi ned as information about the content, quality, 
condition and other characteristics of data.  Ad-
ditionally, metadata provide the means to catalog 
datasets, within intranet and internet systems, 
thus making their respective datasets available to 
a broad range of potential data users. Following 
is a brief description of metadata tools used by 
CUPN-MACA. 

Dataset Catalog: “Dataset Catalog” (http://sci-
ence.nature.nps.gov/im/apps/datacat/index.htm) 
is a tool for cataloging abbreviated metadata on 
geospatial and biological data sets pertaining to 
park(s) and/or a network.  It provides users a 
means whereby they can inventory, organize, and 
maintain information about data set holdings lo-
cally.  While Dataset Catalog is not intended to 
be an exhaustive metadata listing, it does assist 
parks and networks in meeting the mandates of 
EO 12906.  With the current version of Dataset 
Catalog (Version 3), records can be exported in 
Extensible Markup Language (XML) and used 
to complete metadata compliant with the Federal 
Geographic Data Committee (FGDC) standard.  
The IM Program recommends that all relevant 
datasets at IM parks and networks be cataloged 
in at least simple Dataset Catalog format.  The 
CUPN-MACA Monitoring program plan will 
begin using the new version of Dataset Catalog 
in 2005-06.

Spatial Metadata Management System: “SMMS” 
(http://imgs.intergraph.com/ssms/) is a tool with 
the capability to create, edit, view, and publish 
metadata that is compliant with FGDC require-
ments.  SMMS uses an MS Access database 
structure combined with an advanced FGDC-
compliant metadata editor.  The software allows 
selection of views depending on whether the selection of views depending on whether the 
user wants the full standard, biological, or the user wants the full standard, biological, or the 
minimal compliant view of Sections 1 and 7.  minimal compliant view of Sections 1 and 7.  
There is on-line Help to describe the purpose, There is on-line Help to describe the purpose, 
usage or mandatory status of metadata ele-usage or mandatory status of metadata ele-
ments.  The context-sensitive help fi le provides 
the FGDC defi nition for each fi eld on the screen.  

In addition to Help fi les, there are sample meta-
data records for most sections that provide “real 
world” examples.  The NPS Integrated Metadata 
System Plan recommends SMMS for FGDC Bio-
logical Profi le and other geospatial metadata cre-
ation.  The CUPN-MACA GIS staff   will migrate 
from SMMS to ArcCatalog in 2005-06. 

ArcCatalog: “ArcCatalog” (http://www.esri.com/
software/arcgis/arcinfo/index.html) is a man-
agement tool for GIS fi les contained within the 
ArcGIS Desktop suite of applications.  With Arc-
Catalog, users can browse, manage, create, and 
organize tabular and GIS data.  In addition, Arc-
Catalog comes with support for several popular 
metadata standards that allow one to create, edit, 
and view information about the data.  There are 
editors to enter metadata, a storage schema, and 
property sheets to view the data.  With ArcCata-
log users can view GIS data holdings, preview 
geographic information, view and edit metadata, 
work with tables, and defi ne the schema struc-
ture for GIS data layers.  Metadata within Arc-
Catalog is stored exclusively as Extensible Mark-
up Language (XML) fi les.  The NPS Integrated 
Metadata System Plan recommends ArcCatalog 
for gathering GIS-integrated geospatial metadata.  
An optional, but highly recommended extension 
for ArcCatalog is the “NPS Metadata ArcCatalog 
Extension” (http://science.nature.nps.gov/im/
units/mwr/gis/metadata/metadata_tools.htm) 
developed by NPS Midwest Region GIS Techni-
cal Support Center.  The extension fi xes several 
ArcGIS 8 metadata errors and provides added 
functionality for NPS users.  Development is also 
underway to provide Biological Profi le editing 
capability and NPS Profi le support.  The CUPN-
MACA GIS staff   will begin using ArcCatalog for 
metadata in 2005-06. 

Until recently many NPS data stewards collected, 
parsed, and stored metadata (and GIS data sets) 
in the NPS GIS Clearinghouse managed by 
North Carolina State University (NCSU) (Fig. 
6.4).  However, eff orts are currently underway 
at the servicewide level, to unify and streamline 
metadata development.  This new approach uti-
lizes existing desktop metadata creation applica-
tions, as well as an on-line integrated metadata 
database (NR-GIS Metadata) and a web based database (NR-GIS Metadata) and a web based 
data server (NR-GIS Data Server).  “NR-GIS data server (NR-GIS Data Server).  “NR-GIS 
Metadata” and “Data Store” (http://science.Metadata” and “Data Store” (http://science.
nature.nps.gov/nrdata/) will comprise a web-nature.nps.gov/nrdata/) will comprise a web-
based system to integrate the data dissemination based system to integrate the data dissemination 
and metadata maintenance functions.  It will be and metadata maintenance functions.  It will be 
possible to update Dataset Catalog records in possible to update Dataset Catalog records in 
the NR-GIS Metadata database or in the source 



  Vital Signs Monitoring Plan

91

desktop application (i.e., ArcCatalog, Dataset 
Catalog, and SMMS).  Non-sensitive NR-GIS 
Metadata records are automatically posted to 
“NPS Focus” (http://focus.nps.gov/).  The evo-
lution of metadata tools and clearinghouses is 
shown in Figure 6.4. The parsing process ensures 
that metadata are compliant with FGDC format 
standards, and Oracle is the online database 
management system.  For more detailed informa-
tion on data documentation, see Chapter 7 of the 
DMP.

6.6  Data Quality 

Data quality is achieved by planning eff ective 
sampling designs, fi eld methods, data entry pro-
grams, data version control procedures, and ap-
propriate training for each person involved in the 
project.  Planning quality into the data to prevent 
errors is quality assurance (QA). Inspecting or errors is quality assurance (QA). Inspecting or 
appraising the quality of data after it has been appraising the quality of data after it has been 
produced is quality control (QC). Both QA and produced is quality control (QC). Both QA and 
QC are necessary, but overall data quality will be QC are necessary, but overall data quality will be 
the highest when emphasis is placed on quality the highest when emphasis is placed on quality 
assurance.  

Eff ective quality assurance procedures merge 
aspects of data verifi cation planning and data 
validation planning.  Data verifi cation is an in-
ternal check and is being performed by the fi eld 
collectors as they carefully record the observa-
tions on the fi eld data sheet, the data entry staff  
as they look twice at the number before tabbing 
to the next fi eld, and the computer program as 
it allows only numeric data, for example, to be 
entered.  Validation is an external or third party 
check of the data.  By planning into the process a 
means for eff ective validation, problems with the 
data may be found before they are external fail-
ures and become extremely costly.  Verifi cation 
and validation themselves are part of the quality 
control process.  

The importance of planning for quality in data 
and information before a project begins is criti-
cal.  Quality assurance methods should be in 
place at the inception of a project and continue place at the inception of a project and continue 
through all project stages to fi nal archiving of the through all project stages to fi nal archiving of the 
data set.  All Network employees from the Net-data set.  All Network employees from the Net-
work Coordinator to the data entry technicians-work Coordinator to the data entry technicians-
-not only the data manager--should take pride in -not only the data manager--should take pride in 
data quality.  People are the most important fac-data quality.  People are the most important fac-
tor in the data quality process.  Everyone plays a tor in the data quality process.  Everyone plays a 
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part in achieving high quality data products and 
is responsible for the quality of the results gener-
ated from his or her task(s). 

At fi rst glance, it may seem that the primary 
goal of data quality would be to produce ac-
curate data.  But when one takes a closer look 
and remembers the purpose of the data, that of 
managing natural resources, accuracy becomes a 
more complex matter consisting of several com-
ponents.  One component of data quality some-
times overlooked is that of reliability.  Generally, 
reliability consists of two quality parameters: 1) 
the percent of entries that are incorrect, i.e., fre-
quency of errors (normally referred to as mean 
time between failures, MTBF), and 2) error mag-
nitude (i.e., criticality of errors, or mean time to 
repair, MTTR).  If a two-digit numeric entry is 
off  by a decimal place, the error is signifi cant.  If 
a numeric entry has six signifi cant digits and the 
sixth digit is off  by one, the error is completely 
insignifi cant, having an accuracy of up to 99.999 
percent.  In another case, if a six-digit species 
number is off  by one digit, it represents a diff er-
ent species.  

Error signifi cance, therefore, is dependent on 
the type of data.  The overall data accuracy goal 
should represent a reasonable and attainable 
level of quality based on the intended use of the 
data and the potential consequences of making 
a wrong policy or natural resource decision.  Be-
cause of this, no global rules can be made as to 
the required accuracy of data, other than to say 
that the process for ensuring correct data incor-
porates all reasonable assurances and practices.porates all reasonable assurances and practices.

Quality costs! Quality costs time, money, ef-Quality costs! Quality costs time, money, ef-
fort, and, in this context, possible poor decision fort, and, in this context, possible poor decision 
making, if poor quality data are allowed to be making, if poor quality data are allowed to be 
disseminated to ecologists and policy makers.  

The goal, therefore, is to make the best invest-
ment in quality as possible.  In general, as with 
all investments, the earlier the eff ort is made, 
the better the return on investment (ROI).  Total 
Quality Management (TQM) as a quality pro-
gram describes the four costs of quality (listed in 
descending order of eff ectiveness) as: planning, 
appraisal, internal failure, and external failure 
(Table 6.1).  That is, it is much cheaper to plan 
good quality into a product than it is to recall the 
product after it has been distributed.  

6.7  Data Storage and Archiving 

Digital data will be stored in a repository that 
ensures both security and ready access to the 
data in perpetuity.  As of 2004, CUPN-MACA 
relies on a 600 GB server with a level-5 RAID 
(redundant array of independent disks) array for 
data storage.  The server is located in a locked, 
climate-controlled room.  All backups are per-
formed and monitored by MACA IT system 
administrators.  The CUPN-MACA are in the 
process of purchasing a dedicated tape backup 
server, with fi reproof storage for backup tapes.  
The new equipment should be operational prior 
to the end of 2005.

Data will be archived into a standard directory 
structure with user-access levels appropriate to 
meet the need for long-term storage, protection, 
and dissemination of the data.  Figure 6.5a il-and dissemination of the data.  Figure 6.5a il-
lustrates the current directory structure for both lustrates the current directory structure for both 
active and archived data fi les.  Figure 6.5b GIS active and archived data fi les.  Figure 6.5b GIS 
folder structure follows the GIS-Theme Manager folder structure follows the GIS-Theme Manager 
format.  format.  

Table 6.1 Costs of Quality

Cost Sample Activities Return on Investment (ROI)

Planning, Preparation Developing standards, personnel 
training

Highest ROI

Appraisal, Inspection Data verifi cation and validation Modest ROI

Internal Failure Correcting erroneous data before 
it leaves its original project data 
manager

Negative ROI

External Failure Being notifi ed of erroneous data 
by a data consumer and correcting 
that data, paying fi nes connected 
with lawsuits, etc.

Extremely Negative ROI
(and embarrassing)
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Figure 6.5a  Vital Sign folder structure                  
               

Figure 6.5b GIS Layers folder structure
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In this chapter, we describe approaches to how 
data collected by the monitoring program will be 
analyzed, including who is responsible and how 
often analysis will occur.  We also describe the vari-
ous reports and other products of the monitoring 
eff ort, including the purpose of the report, who 
the intended audience is, how often they will be 
produced, who is responsible for these products, 
and what the review process will be.  A monitoring 
program is essentially an information system; inter-
preting and communicating derived information 
and their implications for eff ective park manage-
ment to all appropriate audiences is therefore the 
primary product of the Vital Signs program.  The 
CUPN-MACA data analysis and reporting strategy 
rests upon providing relevant and reliable ecologi-
cal monitoring data to park staff  regarding resource 
conditions that enables them to make appropriate 
management decisions and protect park resources.

7.1  Data Analysis 

Selection of specifi c analytical tools for interpret-
ing monitoring data is a function of monitoring 
objectives, assumptions regarding the target 
population, and the level of confi dence that is 
desired or practical given natural and sampling 
variability.  Each monitoring protocol (Chapter 
5) will contain detailed information on analytical 
tools and approaches for data analysis and in-
terpretation, including rationales for a particular 
approach, advantages and limitations of each 
procedure, and standard operating procedures 
(SOPs) for each prescribed analysis.

There will be two main categories of data analy-
sis conducted by the CUPN-MACA Vital Signs 
monitoring program.  The fi rst and only analysis 
available during the start-up (years 1-5), will be available during the start-up (years 1-5), will be 
an annual summary.  The second type of analysis an annual summary.  The second type of analysis 
will be used to detect long-term trends and will will be used to detect long-term trends and will 
become available after multiple years (5-10) of become available after multiple years (5-10) of 
monitoring have been completed.  The exception 
will be in those cases where long-term data sets 

already exist, such as with the MACA water qual-
ity monitoring program and adjacent landuse. 

Annual Summary:

Park managers will use the information supplied 
on an annual basis to report progress towards 
performance goals. These data also will be used 
to detect abnormal conditions, where those are 
well defi ned, such as when comparing water-
quality data to limits defi ned by state or federal 
guidelines. The summary analysis for annual 
reports of Vital Signs monitoring will include 
descriptive statistics (mean, standard deviation, 
sample size) for all primary variables included in 
the project. 

Long-Term Trend Analysis:

In addition to the annual summary, the Vital Signs 
program is engaged in the long-term evaluation 
of park ecosystems.  As a working defi nition, we 
defi ne ‘long-term’ to be fi ve or more years. The 
methods used to analyze long-term data will vary, 
depending upon the Vital Sign being monitored. 
Our Network is currently planning and imple-
menting several analysis techniques to address 
long-term data analysis for monitoring projects.  
For example, after two cycles of Water Quality 
monitoring we are planning to prepare reports us-
ing linear regression trend analysis.

Exports to statistical packages and other 
software

At times, data will need to be exported out of At times, data will need to be exported out of 
the database to other software applications. The the database to other software applications. The 
Network is planning to export data from MS Network is planning to export data from MS 
Access databases for most statistical analysis be-Access databases for most statistical analysis be-
yond the statistical means, standard deviations, yond the statistical means, standard deviations, 

Chapter SevenData Analysis and Reporting
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and other descriptive statistics. The Network will 
use third party statistical software for frequency 
distribution plots, tests for normality, and analy-
sis of variance such as SAS, SPSS and SigmaPlot. 
Other external software requiring data exports 
will most likely include special application soft-
ware such as GS+ for geostatistical analysis. 

Data managers will work with Project Leaders to 
ensure that databases are cleaned and compiled 
yearly to an archived location.   This will provide 
an archival back-up copy of the data, and permit 
a fi nal copy to be available for analysis and re-
porting purposes (see Figure 7.1).    A review of 
the data analysis will be performed by a quantita-
tive ecologist or other statistical expert, to ensure 
the proper interpretation of results is being pro-
vided to parks and other users of the data.

7.1.1  Data Analysis Timeline for CUPN-MACA 
Vital Signs

For each monitoring protocol, there will be For each monitoring protocol, there will be 
an analysis schedule to ensure that data are an analysis schedule to ensure that data are 
distributed in a timely manner (Table 7.1).  For distributed in a timely manner (Table 7.1).  For 
some Vital Signs with linkage to Performance 
Management (GPRA) goals, the schedule needs 

to accommodate the parks’ deadlines.  Other 
schedules will be driven by General Management 
planning, Resource Stewardship planning, etc. 

7.2  Data Reporting

Several types of reporting tools will be used 
to circulate information from the Vital Signs 
monitoring program.  Some information will 
be distributed as annual reports and long-term 
trend reports, while others will be internal re-
ports, such as those for quality assurance/quality 
control. Additional tools such as websites, email, 
newsletters, and brochures will be used to help 
distribute this information.  Park-level reports 
will be the main tool for communication with 
park managers.  These annual reports will focus 
on one park and will include information from 
multiple Vital Signs. Long-term trend reports will 
be vital sign-specifi c, and will include multiple be vital sign-specifi c, and will include multiple 
parks.  Each report will be designed through parks.  Each report will be designed through 
coordination between project leaders and data coordination between project leaders and data 
managers (with oversight from the Network/managers (with oversight from the Network/
Prototype coordinators), and the design will be Prototype coordinators), and the design will be 
tailored to meet the needs of the intended audi-tailored to meet the needs of the intended audi-
ence.  Table 7.2 summarizes the various written ence.  Table 7.2 summarizes the various written 
reports that CUPN-MACA staff  will generate.

Working Copies

Project leader oversees data
entry and validation.  Once
verified, data are submitted
to data manager.

Common _LU.mdb

Contains master copy
of locations and
lookup tables shared
across protocols

Working Copy
Crickets.mdb

Working Copy
Woodrat.mdb

Working Copy
Beetles.mdb

Shared Datasets

Verified datasets are
rolled up into master
and shared datasets
are managed by data
manager

Archived Copy
Crickets.mdb

Archived Copy
Woodrat.mdb

Archived Copy
Beetles.mdb

Figure 7.1  Data fl ow from program databases to shared data sets available to others for further 
analysis and synthesis.analysis and synthesis.
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Table 7.1   Data Analysis Schedule for CUPN-MACA (color coded by 
protocol completion date).

December 
2004

December 
2005

After 
2005

In Collaboration with other Networks 
and Service-wide NPS

Monitoring Protocol Parks Annual and 
Long-Term
 (5-10 yrs) 
Trends Analysis

Data Analyst(s) Target 
Protocol 
Date

Cave Crickets MACA only Annual and 5 yr 
Trends

Prototype 
Entomologist

2004

Allegheny Woodrats MACA only Annual and 5 yr 
Trends

Prototype 
Coordinator

2004

Water Quality and 
Quantity

CUPN all 14 parks Annual and 10 yr 
Trends

Hydrologist 2004

Ozone (air component) CUPN all 14 parks Annual and 5 yr 
Trends

AQ Specialist 2005

Cave Air Quality MACA, CUGA, 
RUCA*

Annual and 3 yr 
Trends

Prototype 
Physical Scientist

2005

Cave Beetles MACA only Annual and 5 yr 
Trends

Prototype 
Entomologist

2005

Fish Diversity MACA, LIRI, 
SHIL*

Bi-annual and 5 
yr Trends

TBD 2005

Atmospheric Deposition 
(air component)

MACA only Annual and 5 yr 
Trends

AQ Specialist Ongoing

Atmospheric Deposition 
(impacts component)

MACA only Annual and 5 yr 
Trends

TBD 2006-2007

Benthic 
Macro-invertebrates

MACA, LIRI, STRI* Annual and 5 yr 
Trends

Prototype 
Entomologist

2006-2007

Forest Pests CUPN all 14 parks Annual and 5 yr 
Trends

TBD 2006-2007

Cave Aquatic Fauna MACA only Annual and 6 yr 
Trends

TBD 2006-2007

Mussel Diversity MACA only 2-3 yrs and 10 
yrs Trends

TBD 2006

Ozone (impact 
component)

Initial testing by 
MACA Prototype

Annual and 5 yr 
Trends

TBD 2006-2007

Cave Bats MACA only Annual and 6 yr 
Trends

Prototype 
Coordinator

2007

Plant Species of Concern CUPN 8 smaller 
parks

Annual and 5 yr 
Trends

TBD 2006-2007

Adjacent LandUse CUPN all 14 parks 10+ yrs Trends GIS Specialists 2006-2007

Vegetation Communities CUPN 13 smaller 
parks

5-10 yr and  10 
yr Trends

TBD 2006-2007

Invasive Plants CUPN 13 smaller 
parks

Annual and 5–10 
yrs Trends

TBD 2006-2007

*Monitoring protocol will be developed and implemented at MACA (only), initially.
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To the extent possible, reports will be automated 
using the Natural Resource Database Template 
(MSAccess database).  In some cases other da-
tabase programs may be used, such as NPStoret.  
The development of automated reporting will 
greatly facilitate the data distribution workload.

7.3  Water Quality Example of 
Data Analysis and Reporting

7.3.1  Annual Analysis and Reporting for Wa-
ter Quality

Water Quality (WQ) data begins with collection 
of fi eld parameters at designated sampling sites, 
followed by analysis of collected water samples, 
as specifi ed by the CUPN-MACA Water Quality 
Monitoring Plan.  On a monthly basis, data will 
be entered into a Servicewide digital database 
(NPStoret) at the CUPN offi  ce.  Once per year, 
data will be uploaded to WRD, for incorporation 
into a national level database (EPA Storet).   See 
Figure 7.2 for a data fl ow diagram.

Each park with active WQ monitoring sites dur-
ing the previous fi scal year will receive an annual 
WQ report, sent by the end of October.  Data 
will be fi ltered from NPStoret for each park and 
a report will be generated.  In addition, to better 
inform park managers, WQ data will be graphed 
(parameter versus time) and compared against 
designated use standards for each water body.  
Park managers will easily see if their waters are 
meeting designated use criteria (see Figure 7.3 
below).  A short narrative about each parameter, 
including possible contaminant sources and data 
interpretation, will be provided.

7.3.2  Long-Term Analysis and Reporting for 
Water Quality 

The core of the CUPN-MACA WQ program, 
like the USGS National Water Quality Assess-
ment program (NAQWA), is based on monthly 
non-conditional sampling at fi xed sites for parks 
with ‘high-priority’ water resource issues.  Sam-
pling frequency is “on” for two years, followed 
by fi ve “off ” years.  Some parks with less ex-
tensive priorities are sampled bi-monthly every 
other year, while others are sampled quarterly 
every other year.   A minimum of seven years is  
required before a comparison of “high-priority” 

Data Flow and
Validity Checks
For Water
Quality

Service Level
Validation &

Storage

Project Level
Validation

Vital Sign Level
Verification

Field Collection &
Field Data Entry

Sites

Field
Collection

Sites

WRD
Annual Upload

Monthly Validation
(Project Leader)

MACA Office

NPStoret Entry
(Data Tech)

MACA Office

Monthly Verification
(Data Tech)

MACA Office

COWP

KIMOCARL GUCO

NISI

CHCH

RUCA

LIRI SHIL

FODO

CUGA

MACA

STRI

ABLI

Figure  7.2  Data fl ow diagram 
and validity checks for water 
quality monitoring.
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park waters can be made.  Even after two full 
rounds of sampling, only simple statistical analy-
sis can be made, as long-term trend analysis will 
require a minimum of three or four complete 
rounds.  After a substantial amount of data are 
collected, linear regression trend analysis will be 

performed on a per-park per-parameter basis.  
Also, as each park in the CUPN is sampled with 
the same protocols generating the same param-
eters, descriptive water quality comparisons will 
be made across the Network, in a similar fashion 
to the USGS NAWQA National Synthesis. 

Figure  7.3  An example graphic from a water quality report submitted to Chickamauga and Chatta-
nooga National Military Park showing pH summary for FY2003-04.
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8.1  Board of Directors and 
Science and Technical Committee

The Board of Directors (Board) comprises fi ve 
Network park Superintendents and the South-
east Region (SER) IM Coordinator. One Su-
perintendent is elected to serve as Chairperson 
for a two-year term.  Board members serve for 
three years. Terms are renewable other than the 
Chair, which rotates off  at least one term.  At 
a minimum, one new board member is added 
from the remaining parks every two years, at 
the time a new chairperson is selected, and one 
sitting member steps down.  The SER IM Co-
ordinator is a permanent member of the Board. 
The SER IM Coordinator and the Chairperson 
facilitate meetings, and communications between 
members and the Network parks.  The CUPN 
Coordinator and the Mammoth Cave National 
Park Prototype Coordinator serve as advisors to 
the Board.

Board of Directors (As of July 2005)

Regional IM Coordinator – Larry West

Superintendent Carl Sandburg National His-
toric Site – Connie Backlund

Superintendent Cumberland Gap National His-
toric Park – Mark Woods (Chair)

Superintendent Little River Canyon National 
Preserve/Russell Cave Natl Monument – John 
Bundy

Superintendent Mammoth Cave National Park 
– Vacant

Superintendent Stones River National Battle-
fi eld – Stuart Johnson

The Regional IM Coordinator and MACA 
Superintendent serve as continuing members, 
and the four other members serve two-year 
terms rotated among CUPN Superintendents.  
One standing member becomes Chair and 
Chair rotates off at least one two-year term.

Responsibilities of the Board:

2 The Board of Directors (Board) will promote 
accountability and eff ectiveness by reviewing 
progress toward goals, quality controls, and 
Network expenditures.

2 The Board will collaborate with the Network 
Coordinator, Science and Technical Com-
mittee, and Network parks’ natural resource 
staff s in the overall design and implementa-
tion of Vital Signs monitoring and in other 
management activities related to the Natural 
Resource Challenge.

2 The Board shall contribute to and decide on 
strategies and procedures for leveraging Net-
work funds and personnel to best accomplish 
Vital Signs monitoring and other natural re-
source needs of Network parks.

2 The Board consults on hiring of new person-
nel using funds provided to the Network and 
from other funds sources.  They will seek 
additional funding from other sources to le-
verage Network funds provided through the 
Servicewide program.

2 Professional guidance from and partnerships 
with other individuals and organizations will 
be solicited by the Board.

2 Annually, the Board will review and approve 
the Network Annual Work Plan and associ-
ated budget.

In addition, the MACA-SRM Chief and the 
MACA Superintendent approve the Prototype 
annual budget.

Science and Technical Committee

The Science and Technical Committee is com-
prised of natural resource managers and sci-

Chapter EightAdministration/Implementation
of the Monitoring Program
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entists, including scientists from outside the 
National Park Service.  The Committee includes 
the CUPN IM Coordinator; Mammoth Cave 
Prototype Coordinator; park natural resource 
managers; and a minimum of two scientists with 
knowledge of sampling procedures, monitor-
ing techniques, and statistical methods that 
will serve as reviewers to evaluate conceptual 
designs, monitoring strategies, and ecological 
relevance of monitoring proposals.  Committee 
membership is  approved by the Board.  Mem-
bers serve an indefi nite term.

The list of current (as of July 2005) committee 
members approved by the Board in FY2004 is:

Chief of Natural Resources, Cumberland Gap 
National Historic Park -Reis Collier

Chief of Natural Resources, Kings Mountain 
National Military Park – Chris Revels

Chief of Natural Resources, Little River Canyon 
National Preserve – Mary Shew

Coordinator, Cumberland Piedmont Network 
– Teresa Leibfreid

Coordinator, Mammoth Cave National Park Pro-
totype – Steve Thomas

Coordinator, Southern Appalachian Cooperative 
Ecosystem Study Unit – Ray Albright

Ecologist, United States Geological Survey-Bio-
logical Resources Discipline – Bob Woodman

Hydrogeologist, Mammoth Cave National Park 
– Joe Meiman

Responsibilities of the Science and Technical 
Committee:

The Committee will advise the Board and Net-
work parks on the development of the Network 
monitoring Plan and identifi cation of monitoring 
objectives by:

2 compiling and summarizing existing informa- compiling and summarizing existing informa-
tion about park resources and the fi ndings tion about park resources and the fi ndings 
and recommendations of scoping workshops;and recommendations of scoping workshops;

2 assisting in the development of a network  assisting in the development of a network 
monitoring strategy;

2 assisting in the selection of indicator species 
communities, and processes for “Vital Signs;”

2 evaluating initial sampling designs, methods, 
and protocols to assure they are scientifi cally 
credible;

2 participating in the development of the An-
nual Work Plan and Annual Reports;

2 reviewing annual data reports, IM deliver-
ables, and otherwise acting as a peer science 
review group; and 

2 developing materials for and facilitating the 
Five Year Program Review.

Products and recommendations of the Science 
and Technical Committee will be presented to 
the Board for discussion, possible modifi ca-
tion, and approval.  When necessary, the CUPN 
IM Coordinator may recommend to the Board 
of Directors the formation of ad hoc specialist 
groups to accomplish specifi c studies/tasks.  No 
such group is formed without inclusion of a spe-
cifi c “sunset” provision.

Each year the Science and Technical Commit-
tee and the Board will prepare a budget for the 
Committee including travel, per diem, and other 
costs associated with the conduct of Commit-
tee meetings.  Science and Technical Committee 
costs are summarized in the Network Annual 
Work Plan.

8.2 Staffi ng Plan

The CUPN-MACA administrative structure is 
shown in Figure 8.1, followed by a discussion of 
staff  and associate positions currently employed 
by the program. 

Cumberland Piedmont Network Staff and 
Associates

The CUPN has its main offi  ce located in Mam-The CUPN has its main offi  ce located in Mam-
moth Cave National Park (KY); two satellite moth Cave National Park (KY); two satellite 
offi  ces are located in Kings Mountain National offi  ces are located in Kings Mountain National 
Military Park (SC), and  Russell Cave National Military Park (SC), and  Russell Cave National 
Monument (AL).   The CUPN is jointly adminis-Monument (AL).   The CUPN is jointly adminis-
tered by the Southeast Regional Offi  ce located in tered by the Southeast Regional Offi  ce located in 
Atlanta and MACA in Kentucky.  Atlanta and MACA in Kentucky.  



  Vital Signs Monitoring Plan

105

Network Coordinator (1.0 FTE) – The Network 
Coordinator provides overall leadership, man-
agement, and coordination of the Network IM 
Program, and consults regularly with the SER IM 
Coordinator,   Prototype Coordinator, Science 
and Technical Committee, and Board to ensure 
effi  cient program management.  The Coordinator 
is responsible for maintaining the administrative 
record of the Network, including project direc-
tion and funding.  The Coordinator provides 
leadership in the development and implementa-
tion of inventory and monitoring protocols and 
special studies, and ensures scientifi cally credible 
products as programs outcomes. In addition 
to programmatic oversight, the Coordinator is 
responsible for staff  supervision, budget man-
agement, and acts as liaison for IM activities on 
the 13 smaller parks.  This position coordinates 
with the MACA Prototype Coordinator to de-
velop a combined Vital Signs Monitoring Plan, 
and Annual Administrative Report and Work 
Plan.  This position also acts as the Government 
Technical Representative for cooperative agree-Technical Representative for cooperative agree-
ments related to species inventories (14 parks), ments related to species inventories (14 parks), 
vegetation mapping (14 parks), wetlands map-vegetation mapping (14 parks), wetlands map-
ping (10 parks), and curatorial management (13 ping (10 parks), and curatorial management (13 
parks). The Coordinator serves as Chair of the 
Science and Technical Committee meetings and 

coordinates Committee business. This position is 
duty-stationed at Mammoth Cave National Park 
in Kentucky.

Science Information Specialists (2.0 FTE 
Terms) – The Science Information Specialists 
(SIS) coordinate Inventory and Monitoring (IM) 
activities for a subset of parks in the Cumberland 
Piedmont Network (CUPN).  The job focuses on 
management of databases and GIS generated by 
park inventories and long-term monitoring.  The 
SIS also conducts a Water Quality Monitoring 
program for the parks according to the schedule 
set forth by the CUPN Water Quality Monitoring 
Plan.  The SIS also acts as the onsite coordina-
tor for fi eld activities related to the IM program.  
These positions are duty-stationed at Kings 
Mountain National Military Park in South Caro-
lina (oversight of 5 NC/SC parks) and Russell 
Cave National Monument in Alabama (oversight 
of 4 AL/GA/TN parks).

Data ManagerData Manager (SCEP) – This position man- (SCEP) – This position man-
ages the NPSpecies database, tracks budget and ages the NPSpecies database, tracks budget and 
cooperative agreements databases, assists with cooperative agreements databases, assists with 
monitoring tasks (e.g., ozone) and GIS manage-monitoring tasks (e.g., ozone) and GIS manage-
ment. This position is located at Mammoth Cave ment. This position is located at Mammoth Cave 
National Park in Kentucky.

Cumberland/Piedmont Network Administrative Chart

Washington Support Office

Gary Williams – National IM
Project Manager

Steve Fancy – Monitoring
Program Leader

Board of Directors

Part Supt. MACA – Vacant
Park Supt. CARL – Connie Bucklund
Park Supt. STRI – Stuart Johnson
Park Supt. LIRI/RUCA – John Bundy
Park Supt. CUGA – Mark Woods
Regional I&M Coordinator – Larry West

Science Advisory Committee

CUPN Coordinator – Teresa Leibfreid
MACA Prototype Coordinator – Steve Thomas
S. Appalachian CESU Coordinator – Ray Albright
Park Representative LIRI – Mary Shew
Park Representative CUGA – Reis Collier
Park Representative KIMO – Chris Revels
Park Representative MACA – Joe Meiman
USGS-BRD Ecologist – Robert Woodman-MACA

Southeast Regional Office

Regional Director – Pat Hooks
Assoc. Regional Director – John Yancy
Regional IM Coordinator – Larry West
IM Admin. Assistant – Kathy Harris

Mammoth Cave National Park

Superintendent – Vacant
SRM Division Chief – Mark DePoy

CUPN Coordinator

Teresa Leibfreid

USGS-BRD

Ecologist – Robert Woodman (Term)

MACA Prototype Coordinator

Ecologist – Steve Thomas

I&M Network Staff and Associates

Science Information Manager – Tom Diggs (Term-RUCA)
Science Information Manager – Shepard McAninch (Term-KIMO)
Advisory Hydrologist – Joe Meiman (3 pay periods-MACA)
Data Manager – Sammi Jo Doyle (SCEP-MACA)
Ecological Assistant – Brenda Wells (Coop. Agreement-MACA)

MACA Prototype Monitoring Staff and Associates

Ecologist – Kurt Helf (1.0 FTE)
Ecologist/Data Manager – Bill Moore (1.0 FTE)
Physical Scientist – Johnathan Jernigan (0.5 FTE with ARD)
GIS Specialist – Lillian Scoggins (0.65 FTE with MACA SRM)
Ecological Assistant – Brenda Wells (Coop. Agreement)
5 Student Interns from W. Kentucky Univ. (Coop. Agreement)

Figure 8.1 CUPN Network Administrative Chart (as of July 2005)
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Ecological Assistant (Coop. Agreement-
MACA) – The Ecological Assistant catalogs 
biological specimens into the Automated Na-
tional Catalog System + database, manages 
archival materials (data and reports) related 
to the Network IM program, and is respon-
sible for producing archival quality prints from 
digital photographs.  This position also assists 
with fi eldwork in the Network’s Water Quality 
Monitoring program and with GIS manage-
ment. This position is shared with the Prototype 
through a cooperative agreement with WKU 
and is located at Mammoth Cave National Park 
in Kentucky.

Advisory Hydrologist (3 pay periods per year) – 
The Advisory Hydrologist trains and advises WQ 
fi eld staff  to meet goals of the CUPN-MACA 
Water Quality Monitoring Program,  is the lead 
on WQ Monitoring Plan and Protocols, provides 
assistance to Network parks on WQ related 
project statements, performs summary analysis 
on WQ data. This position is base funded by 
MACA-SRM and is located at Mammoth Cave 
National Park in Kentucky.

Quantitative Ecologist-vacant (TBD) – The 
Quantitative Ecologist will assist the Network 
with protocol development, statistical review of 
incoming data, and serves on Science and Tech-
nical Committee. This position may be shared 
through an interagency agreement with USGS-
BRD and will be located at Mammoth Cave Na-
tional Park in Kentucky.

MACA Prototype Monitoring Staff and 
Associates

These staff  members are duty stationed at 
MACA, but provide technical assistance and sup-
port to all parks in the Network.  Because of the 
Prototype’s emphases on protocol development 
and technical support,  staff  assist  with design-
ing and testing monitoring protocols needed by 
other parks in the Network.  In addition to the 
initial emphasis on protocol development, there 
is a long-term role for Prototype staff  in develop-
ing and testing new approaches to data analysis, 
synthesis, and reporting of monitoring results.  synthesis, and reporting of monitoring results.  
Below, existing Prototype staff  and associates po-Below, existing Prototype staff  and associates po-
sitions are identifi ed, and their specifi c responsi-sitions are identifi ed, and their specifi c responsi-
bilities are listed.bilities are listed.

Prototype Coordinator (1.0 FTE) – Program- (1.0 FTE) – Program-
matic oversight, staff  supervision, schedule staff  

time and tasks, ensure deadlines are met, budget 
management, co-development (with CUPN Co-
ordinator) of the Network Monitoring Plan and 
Network Annual Administrative Report/Work 
Plan, MACA annual summary report for all ac-
tive Vital Signs monitoring, project leader of two 
Prototype Vital Signs: woodrat monitoring and 
cave bat monitoring (duties include: supervision 
of quality assurance and quality control mea-
sures, oversight of fi eld personnel, data collec-
tion, data management, analysis, and reporting), 
vertebrate ecology-related technical assistance to 
Network parks, and Science and Technical Com-
mittee member.

Ecologist/Data Manager (1.0 FTE) – Ensures 
compatibility of project data with program stan-
dards; designs infrastructure for the project data; 
ensures long-term data integrity, security, and 
availability; fi eld data collection assistance to 
various Network Vital Signs monitoring projects; 
and vertebrate ecology-related technical assis-
tance to other parks in the Network.

Ecologist (1.0 FTE) – Project leader of three Pro-
totype Vital Signs: cave cricket monitoring, cave 
beetle monitoring, and benthic macroinvertebrate 
monitoring (duties include: supervision of quality 
assurance and quality control measures, oversight 
of fi eld personnel, data collection, data manage-
ment, laboratory and numerical data analysis, and 
reporting), and invertebrate ecology-related tech-
nical assistance to Network parks.

GIS Specialist (0.65 FTE) – Manage spatial 
data themes associated with Network inventory 
and monitoring projects, as well as other spatial 
data related to the full range of park resources; 
incorporate spatial data into the GIS; maintain 
standards for geographic data; responsible for 
sharing and disseminating GIS data throughout 
the Network; and co-project leader of adjacent 
landuse Network Vital Signs monitoring (duties 
include: supervision of quality assurance and 
quality control measures, obtain data, data man-
agement, data analysis, and reporting); and fi eld 
data collection assistance to various Network 
Vital Signs monitoring projects.  This position is 
shared with MACA-SRM.

Physical ScientistPhysical Scientist (0.5 FTE) – Project leader 
of cave air quality monitoring (duties include: of cave air quality monitoring (duties include: 
supervision of quality assurance and quality supervision of quality assurance and quality 
control measures, oversight of fi eld personnel, control measures, oversight of fi eld personnel, 
data collection, data management, analysis, and data collection, data management, analysis, and 
reporting), fi eld data collection assistance to reporting), fi eld data collection assistance to 
various Network Vital Signs monitoring projects, 
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and mathematical/statistical-related technical as-
sistance to other Prototype monitoring projects 
and Network parks.  This position is shared with 
MACA-SRM.

Ecological Assistant (Coop. Agreement shared 
with CUPN) – Catalog biological specimens 
into the Automated National Catalog System + 
database, store specimens in the MACA cultural 
storage area using appropriate museum archival 
procedures, and archive Prototype monitoring 
project datasets, photographs, reports and fi eld 
sheets.

5 Student Interns from Western Kentucky 
University (Coop. Agreement; costs shared with 
university) – Provide fi eld, offi  ce, and laboratory 
technician assistance with various Prototype/
Network Vital Signs monitoring projects, duties 
include: collection supplies/equipment prepara-
tion and clean-up, data collection, laboratory 
sample analysis, database development, data en-
try, and limited data analysis and reporting.

8.3  Integration with Park 
Operations

To facilitate communication and integration 
among all parks in the Network, the CUPN has 
three offi  ces.  The central offi  ce is co-located 
with the Prototype at MACA, and two other of-
fi ces are located at smaller parks in South Caro-
lina and Alabama.  The potential for CUPN to 
provide on-the-ground assistance, attend park 
meetings, and provide data management sup-
port is greatly enhanced by this arrangement.  In 
2004, Network staff  participated in battlefi eld 
restoration planning, rare plant surveys, and 
provided GIS assistance.  Network staff  also are 
involved actively in the regional review of many 
park-level planning documents, such as Fire 
Management Plans, Cultural Landscape Plans, 
and General Management Plans.  CUPN staff  
help support fi eld crews (with databases and/or 
on-the-ground support) for Exotic Plant Man-
agement Teams and Fire Eff ects Monitoring. In 
2004 and 2005, park staff  worked with CUPN-
MACA staff  to implement a Network-wide array 
of passive ozone monitors.  Though most park of passive ozone monitors.  Though most park 
staff  are hard-pressed to fi nd extra time, the staff  are hard-pressed to fi nd extra time, the 
weekly replacement of ozone fi lters was some-weekly replacement of ozone fi lters was some-
thing they were able to incorporate into their thing they were able to incorporate into their 
work schedule.  It gave us the opportunity to 
describe the Vital Signs program to maintenance, 
interpretation, administration, and law enforce-

ment personnel during the park-by-park training 
sessions. 

The Network also acts as liaison to meet da-
tabase management and curatorial require-
ments for other IM projects, such as a recently 
funded Network-wide aquatic insects inven-
tory.  Through the assistance of Mammoth Cave 
National Park’s curatorial program, specimens 
and data are initially to be routed and stored 
at MACA.  The Network can then provide as-
sistance with data entry into NPSpecies and 
ANCS+.  In addition to the Annual Work Plan 
and Accomplishments Report, the CUPN keeps 
parks informed of IM activities by entering 
Investigator’s Annual Reports (using the NPS 
online research permit system) and by providing 
trip reports for fi eld activities such as monthly 
WQ monitoring. 

At a more detailed level of integration, the Proto-
type is embedded within the Division of Science 
and Resources Management (SRM) at MACA.  
Integration with other park operations involves 
a variety of avenues.  Two-way communica-
tion with staff  from such operations as resource 
management, administration, interpretation, law 
enforcement, and facilities management is criti-
cal.  Information from the Prototype to and from 
these other entities fl ows via annual reports, 
monthly reports, monthly all-park staff  meetings, 
quarterly articles in park newsletters, emails, 
lectures to seasonal interpretive staff , and oral 
reports of resource protection or facility main-
tenance needs.  In addition to communication, 
technical assistance will be provided to other 
park operations staff  to promote integration.  At 
MACA, for example, the Prototype’s GIS special-
ist assists the law enforcement division with pro-
duction of maps for the prescribed fi re program 
and assists with conducting the actual burns.  
This GIS specialist also, periodically provides 
maps and related support to facilities manage-
ment division staff .  The Prototype coordinator 
and ecologist/data manager provide technical 
assistance to facilities management division staff  
by assessing trees slated for removal for potential 
as endangered bat habitat.  Prototype ecologists 
assist the MACA interpretive division with public 
education talks, and law enforcement/facilities education talks, and law enforcement/facilities 
management with occasional nuisance wildlife management with occasional nuisance wildlife 
control.  The MACA Prototype staff  are currently control.  The MACA Prototype staff  are currently 
integrated with the SRM staff  and frequently as-integrated with the SRM staff  and frequently as-
sist each other with various tasks.  For example, sist each other with various tasks.  For example, 
the SRM air resource specialist provides techni-the SRM air resource specialist provides techni-
cal assistance to the CUPN-MACA program for cal assistance to the CUPN-MACA program for 
ozone monitoring. While the Prototype coordi-
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nator and ecologist/data manager conduct an-
nual breeding bird surveys for the SRM. 

8.4  Partnerships

Some Key Partners

U.S. Geological Survey/Biological Resources 
Discipline – Provides technical scientifi c and 
fi nancial support to the Prototype and Network 
for programmatic and protocol development 
through its USGS Status and Trends program.  
The Prototype anticipates receiving four years 
(mid FY 2002 – mid FY 2006) of direct assis-
tance from the USGS/BRD in the form of a term 
Ecologist stationed at MACA, associated support 
funds, and funding for development of specifi c 
monitoring protocols.  During FY 2004/05 the 
Prototype received technical assistance from 
another USGS/BRD scientist, Dr. Craig Snyder 
(stationed at Leetown Science Center, WV), to 
help with sampling design testing for the fi sh di-
versity monitoring protocol. After FY 2006, the 
Prototype and other parks in the Network may 
be able to obtain additional funding from the 
USGS through a competitive process currently 
being developed.

Western Kentucky University (WKU) – (1) The 
Prototype has entered into a cooperative agree-
ment with the university to provide fi ve student 
interns (one from Chemistry Department, one 
from Geology/Geography, one from Computer 
Science, and two from Biology) who each work 
up to 20 hours per week during the school year 
and 40 hours per week during the summer do-
ing fi eld, offi  ce, and laboratory technician work. 
The Prototype pays half of the students’ salaries 
and the university pays the other half. The over-
head costs on all agreements with WKU are also 
shared (10% NPS, 12% WKU).  (2) A second 
cooperative agreement, cost-shared between 
the Prototype (35%) and the Network (65%), 
provides the services of a full-time ecological as-
sistant to catalog and store collected biological 
specimens and Vital Signs monitoring project 
datasets, photographs, reports and fi eld sheets.  
The rest of the Network also assigns some GIS The rest of the Network also assigns some GIS 
and WQ data management and fi eld duties to and WQ data management and fi eld duties to 
this individual. (3) To help cover data manage-this individual. (3) To help cover data manage-
ment activities, the CUPN has a SCEP position ment activities, the CUPN has a SCEP position 
with WKU to provide a full-time data manager. with WKU to provide a full-time data manager. 
(4) The Water Quality Laboratory for the CUPN-
MACA Monitoring program went through a 

major reorganization in FY 2004.  Previously 
housed at MACA, a cooperative agreement was 
formed between the park and the university to 
combine the staff  and equipment to increase 
productivity through increased staffi  ng and 
student support, as well as expand analytical ca-
pabilities.  Through the cooperative agreement, 
the WQ laboratory has purchased an atomic 
absorption spectrometer and become certifi ed 
for microbiological analysis.  (5) For FY 2004/05, 
the Prototype contracted with the university to 
provide technical expertise (Dr. Phillip Lienesch, 
Ichthyologist) with testing methods for fi sh sam-
pling as part of development of the fi sh diversity 
monitoring protocol.

NatureServe – In FY2002, a cooperative agree-
ment was entered between NatureServe and two 
IM Networks (APHN and CUPN).  The scope-
of-work includes establishment of fi eld plots, de-
velopment of vegetation classifi cation keys, and 
inventory of vascular plants.  This project pro-
vides fundamental information to describe and 
classify existing vegetation communities, and will 
serve as a baseline for the monitoring of selected 
vegetation communities, such as granitic domes 
and cedar glades.

NPS-Air Resources Division – In FY 2004, the 
CUPN-MACA Monitoring program collaborated 
with Dr. John Ray (NPS-ARD, Denver, CO) to 
develop and test a passive ozone monitoring ar-
ray across all 14 Network parks.  Sample analyses 
and report analyses were coordinated through 
Dr. Ray.  This arrangement is continuing through 
a second round of testing in FY 2005.

8.5  Support of Field Sampling 
Done “In House”

8.5.1  Staff Training and/or Previous 
Experience

Network and Prototype staff  include several 
professional scientists with diverse backgrounds 
and skills who will be utilized to administer and 
implement various monitoring protocols by serv-implement various monitoring protocols by serv-
ing as “project leaders” or “co-leaders”.  For ing as “project leaders” or “co-leaders”.  For 
example, the Prototype’s invertebrate ecologist, example, the Prototype’s invertebrate ecologist, 
who will likely be project leader for the cave who will likely be project leader for the cave 
cricket- and cave beetle-monitoring protocols, cricket- and cave beetle-monitoring protocols, 
has conducted surveys of, and research on, these has conducted surveys of, and research on, these 
organisms for nearly a decade.  The project organisms for nearly a decade.  The project 
leader for the woodrat and cave bat protocols 
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is an ecologist and has conducted woodrat and 
bat monitoring in and around the park for over 
seven years. While the MACA hydrologist who 
is the water quality/quantity monitoring project 
leader has more than 12 years of water monitor-
ing experience.  Limited supplementary training 
may be required for some project leaders to aug-
ment their existing skills but this is not expected 
to be a regular on-going need once the program 
is fully operational, except during times of staff  
turnover. 

Field data collection, data entry, and limited 
data analysis and reporting for each protocol 
performed “in-house” will be accomplished by a 
combination of student interns, Student Conser-
vation Association (SCA) interns, volunteers, and 
other CUPN-MACA Monitoring program staff  
who are not the project lead, all under the direc-
tion of a particular project leader.  The various 
monitoring project leaders will be responsible 
for properly training these interns, volunteers, 
and co-workers following procedures outlined in 
the particular protocol Staff  Training SOPs.  It is 
anticipated that most training will be conducted 
in house.

8.5.2  Dedicated Field Equipment

Due to the Prototype’s unique emphasis on de-
velopment and testing of monitoring protocols, 
as well as its integration with MACA’s relatively 
well-supported SRM Division, it has acquired 
or has access to a signifi cant amount of fi eld 
equipment.  Such equipment includes, but is not 
limited to, 3 four-wheel drive GSA vehicles; 2 
boats/trailers with outboard motors purchased 
in 2003; a boat outfi tted with electro-shocking 
equipment; an air quality station with continuous 
and integrated fi ne particulate matter samplers, 
continuous gaseous pollutants analyzers, inte-
grated acid and mercury deposition samplers, 
integrated ammonia sampler, and continuous 
meteorology and fi re weather sensors; a Soil 
Climate Analysis Network station (SCAN); a 
Climate Reference Station; a visibility camera; 9 
sonic anemometers and data loggers, 2 pair of 
night vision goggles and infrared LED lights, 4 
laser levels, four 5.1 megapixel digital cameras, 
a laptop computer dedicated to fi eld work, 4 a laptop computer dedicated to fi eld work, 4 
hand-held GPS units and 2 backpack units, and hand-held GPS units and 2 backpack units, and 
>200 woodrat live traps.>200 woodrat live traps.

The two satellite offi  ces are equipped with wa-
ter quality monitoring fi eld probes, fl ow rods, 

portable incubators, and GPS units.  Supplies for 
water sampling are periodically shipped from 
the MACA offi  ce. In addition, both offi  ces are 
equipped with hand-held portable computers 
(Panasonic Toughbooks) and Arcpad to provide 
fi eld assistance for projects such as the vegetation 
classifi cation and mapping.  The offi  ces have full 
GIS capabilities (hardware/software) and often 
provide assistance to Network parks.

8.5.3  Laboratory Work

As mentioned in section 8.4 above, the former 
MACA-based Water Quality Laboratory has 
moved to Western Kentucky University and op-
erates under a cooperative agreement between 
the park and the university.  The laboratory 
contains numerous instruments and equipment, 
including an atomic absorption spectrometer 
(AA), an ion chromatograph (IC), a total organic 
carbon analyzer (TOC), a spectrofl uorometer 
(SPEC), a muffl  e furnace, several autosamplers, 
and balances.  The lab is certifi ed for microbio-
logical analysis for drinking-water and water 
analyses. The AA, IC, TOC, and SPEC all are 
maintained and calibrated through maintenance 
agreements with the manufacturers.  The labora-
tory has implemented an approved quality as-
surance/quality control plan.  In addition to the 
Water Quality Lab, MACA has a newly remod-
eled biological laboratory dedicated to natural 
resource monitoring.  This lab is outfi tted with 
two vented hoods, multiple storage cabinets and 
countertops, two microscopes with external light 
sources, two sinks, three desktop computers, and 
two refrigerators and two freezers.

8.5.4  Safety Considerations

Approved Job Hazard Analyses (JHAs) exist at 
MACA for most, if not all, activities likely associ-
ated with implementation of the proposed moni-
toring protocols.  As an example, three key JHAs 
are included in Appendix U.  A general JHA 
will be developed to cover safety considerations 
common to all CUPN-MACA monitoring activi-common to all CUPN-MACA monitoring activi-
ties such as weather conditions, communications ties such as weather conditions, communications 
(e.g., two-way radios, advanced notifi cation of (e.g., two-way radios, advanced notifi cation of 
anticipated location and return time, emergency anticipated location and return time, emergency 
procedures and contacts, etc.)procedures and contacts, etc.)
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8.6  Periodic Reviews

The CUPN-MACA Monitoring program will 
undergo programmatic reviews at approximately 
5-year intervals.  Periodic program reviews are 
an essential component of quality assurance for 
any long-term monitoring program, and are con-
ducted specifi cally to evaluate and improve the 
program.  Since monitoring protocols are works 
in progress, the opportunity for augmentation 
or revision of standard protocols to improve ef-
fi ciency or eff ectiveness will occasionally arise. 
Every protocol will address the revision process 
in order not to jeopardize the long-term value of 

data sets or otherwise jeopardize the integrity of 
the program.  However, to ensure that revisions 
have not had this eff ect, and that protocols are 
providing scientifi cally credible, relevant infor-
mation that address the high-priority needs of 
park managers, individual protocols will need 
periodic review.  Each IM-approved and imple-
mented protocol will be peer reviewed roughly 
every 5 years for protocols that involve annual 
sampling, and after every 5 sampling periods or 
every 10 years (whichever comes fi rst) for pro-
tocols with more protracted sampling schedules 
(e.g., adjacent landuse, certain vegetation com-
munities). Before beginning any work on devel-
oping a new protocol (not in this monitoring 
plan), a study plan will be written and will un-
dergo peer review.  A draft of the new protocol 
will also undergo peer review and will require 
IM-approval before implementation.
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9.1 Sampling Schedule

The current Network-wide sampling schedule 
(Table 9.1) is a composite of the known and 
anticipated sampling schedules for monitoring 
protocols in place or yet to be developed. Each 
protocol schedule includes a project-specifi c 
sampling schedule that identifi es appropriate 
sampling periods or seasons, within-season 
sampling frequency, and longer-term sampling 
cycles, if applicable. Sampling scheduling and 
frequency are based upon the vital sign-specifi c 
sampling design(s), as well as Network-level 
planning for effi  cient distribution of available 
sampling resources among many protocols, 
across fourteen parks, over time. The Network 
schedule must consider both temporal aspects 
and constraints in specifi c sampling eff orts al-
located to each project. Sampling schedules will 
also refl ect understanding of the best or most-
reasonable interval at which to sample a given 
resource. 

For example, ozone exposure monitoring 
should be performed across growing seasons, 
and because ozone levels (and the source emit-
ters) change over multiple temporal scales (from 
hours to among years), should be monitored ev-
ery year. Scheduling of ozone impact assessment 
(sampling visible plant damage) will consider 

that such damage is slowly accumulated over 
growing seasons, and is thus best assessed later 
in a season.  Other Vital Signs, such as the mea-
surement of encroachment by woody edge spe-
cies into glade communities, may be eff ectively 
monitored on a once-per-5-year cycle. 

As summarized in the Water Quality Monitor-
ing Protocol (Appendix S), sampling eff ort will 
be eff ectively rotated among parks in a schedule 
where parks will be monitored monthly, two out 
of every seven years, or bi-monthly/quarterly 
every other year, depending on resource signifi -
cance and management issues. This design will 
allow reasonably intense sampling for two-year 
periods at each park, yet will distribute limited 
sampling resources so that all fourteen CUPN 
parks get some sampling within a seven year pe-
riod. 

The overall schedule takes into consideration the 
fact that diff erent Vital Signs may be eff ectively 
monitored at diff erent sampling frequencies, and 
with diff erent intervals and rotation across years. 
Ideally, the overall schedule will eff ectively shuf-
fl e and distribute project schedules to effi  ciently 
and eff ectively utilize available sampling re-
sources in each year. Vital sign-specifi c schedules 
and frequencies will be detailed in each protocol 
being developed for the Network. 

Chapter NineSampling Schedule
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10.1 Budget Narrative

There are fi ve active components of the CUPN-
MACA Monitoring Program budget:  (1) Vital 
Signs Monitoring: $476,700 per year; (2) Wa-
ter Resources Monitoring: $59,000 per year; 
(3) Vegetation Mapping: ~$100,000 per year 
(FY2002-FY2006?); (4) Prototype Long-term 
Ecological Monitoring: $461,000 per year.   For 
general list of income and expenses, based on 
expected FY2006 costs, see Table 10.1.

Each year the CUPN receives $476,700 from the 
NPS Servicewide IM program for the implemen-
tation of the Vital Signs Monitoring program and 
$59,000 from the Water Resources Division for 
the water quality monitoring program. The water 
resources funds will be used to conduct fi eld 
sampling and analysis for all network parks and 
for database management training and imple-
mentation of the new NPStoret. The vegetation 
mapping funds are targeted toward completion 
of the fi nal four vegetation maps (CHCH, KIMO, 
RUCA, SHIL) and follow-up accuracy assess-
ments.

The MACA Prototype receives $461,000 from 
the NPS Servicewide IM program for prototype 
long-term ecological monitoring. These funds 

will be primarily spent on personnel costs for the 
Prototype’s 4.15 FTEs.  Additional monitoring 
funds will be spent on cooperative agreements, 
operations/equipment, recurring costs for water 
quality monitoring, vehicles, and travel.

The MACA Prototype also receives ~$150,000-
$175,000 annually from the USGS-BRD to 
support program and protocol development. 
Contributed funds cover costs associated with 
the development and revision of nine monitor-
ing protocols, review of one extant protocol, 
and personnel costs for a BRD Scientist and his 
associated support costs.  Funding for the USGS 
position stationed at Mammoth Cave NP is 
scheduled to end about March 2006.  Many of 
the MACA protocols will still be in active devel-
opment at that time, plus extra time is needed to 
assist the Network with monitoring design and 
protocol development in other parks.  Decisions 
on continued funding for the position will be 
made by the USGS Status and Trends Program, 
with input from the NPS IM Advisory Council 
(IMAC).  If the Network’s monitoring plan is 
accepted in FY2005 and protocol development 
work is proceeding on schedule, we hope that 
IMAC and the USGS will give high priority to 
continued funding of the position.

      

Chapter TenBudget
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Table 10.1      Cumberland Piedmont Network Generic Budget

Income
Description $ Amount Funding Source Comments

Vital Signs Monitoring 477,700 I&M –VS Monitoring

Prototype Monitoring - Park Base 261,000 Prototype Monitoring - Park Base

Prototype Monitoring - Annual Transfer 200,000 Prototype Monitoring - Annual Transfer

Water Resource Monitoring (WRD)  59,000 WRD - Water Quality Monitoring

Vegetation Mapping Funds  100,000 Vegetation Mapping Program Estimate based on 
previous years

Regional Coordinator Shared with other 
SER Networks

 18,000 I&M –VS Monitoring

Subtotal $1,115,700

Personnel
Description $ Amount Funding Source Comments

Regional Coordinator Shared with other 
SER Networks

18,000 I&M –VS Monitoring

Admin. Assistant shared w SER Networks  8,000 I&M –VS Monitoring

Network Coordinator 97,000 I&M –VS Monitoring Data management duties 
= 30% ($29,000)

CUPN Science Information Manager 75,000 I&M –VS Monitoring ($65K)
WRD - WQ Monitoring ($10K)

Data management duties 
= 30% ($23,000)

CUPN Science Information Manager 73,000 I&M –VS Monitoring ($63K)
WRD - WQ Monitoring ($10K)

Data management duties 
= 30% ($22,000)

CUPN IM Data Manager 46,000 I&M –VS Monitoring Data management duties 
= 75% ($34,500)

CUPN IM Data Manager 46,000 I&M –VS Monitoring ($26K)
WRD - WQ Monitoring ($20K)

Data management duties 
= 75% ($34,500)

Advisory Hydrologist (3 pps) 10,000 WRD - Water Quality Monitoring Data management duties 
= 30% ($3,000)

Prototype Coordinator 93,000 Prototype Monitoring - Park Base Data management duties 
= 30% ($28,000)

Prototype Ecologist/Data Manager 88,000 Prototype Monitoring - Park Base Data management duties 
= 50% ($44,000)

Prototype Ecologist 80,000 Prototype Monitoring - Park Base Data management duties 
= 30% ($24,000)

Prototype GIS Specialist (65%) 54,000 Prototype Monitoring – Annual Transfer Data management duties 
= 75% ($40,500)

Prototype Physical Scientist (50%) 36,000 Prototype Monitoring – Annual Transfer Data management duties 
= 40% ($14,000)

Subtotal $724,000
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Table 10.1      Cumberland Piedmont Network Generic Budget, continued

Cooperative Agreements
Description $ Amount Funding Source Comments

5 Student Interns - Western Kentucky 
University

32,500 Prototype Monitoring - Annual Transfer Data management duties 
= 30% ($9,750)

Student Conservation Associates 60,000 I&M –VS Monitoring Data management duties 
= 50% ($30,000)

Cooperative Agreements to assist with 
Protocol Development (TBD)

53,200 I&M –VS Monitoring For design, testing and 
implementation of 
various protocols.

Vegetation Mapping-University of 
Georgia
Vegetation Classifi cation/Accuracy 
Assessment-NatureServe

100,000 Vegetation Mapping Program Pending approval of 
funds

Subtotal $245,700

Operations and Equipment
Description $ Amount Funding Source Comments

CUPN Supplies and Equipment 20,000 I&M -VS Monitoring

Offi ce Rent (3 offi ces) 20,000 I&M -VS Monitoring

GSA one vehicle and maintenance on 
two CUPN owned trucks

6,000 I&M -VS Monitoring

WQ Lab/Field supplies and equipment 7,500 WRD - Water Quality Monitoring

Prototype Supplies and Equipment 61,500 Prototype Monitoring - Annual Transfer

Subtotal $115,000

Travel
Description $ Amount Funding Source Comments

CUPN Travel/Training 8,500 I&M -VS Monitoring Data management-
related travel = $3,000

CUPN WQ Travel/Training 1,500 WRD - Water Quality Monitoring

CUPN BOD and TC Meetings  5,000 I&M -VS Monitoring

Prototype Travel/Training for 4.15 FTEs 10,000 Prototype Monitoring - Annual Transfer Data management-
related travel = $1,000

Subtotal $25,000



Cumberland Piedmont Network and Mammoth Cave National Park Prototype  

118

Table 10.1      Cumberland Piedmont Network Generic Budget, continued

Other
Description $ Amount Funding Source Comments

Prototype “Other” 6,000 Prototype Monitoring - Annual Transfer Registration fees, 
membership fees, rabies 
vaccinations, etc.

Subtotal $6,000

Expense Totals By Category

 Category SubTotal    Percent

 Personnel $724,000 64.89%

 Coop. Agreements $245,700 22.02%

 Operations/Equipment $115,000 10.31%

 Travel $25,000 2.24%

 Other $6,000 0.54%

    Total $1,115,700

   Total for Data Management, Analysis and Reporting  =  $340,050 (30% of total budget) 
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Glossary of Key Terms and 
Concepts

(Based upon http://science.nature.nps.gov/im/mon-
itor/Glossary.htm)

Attributes – any living or nonliving feature or 
process of the environment that can be mea-
sured or estimated and that provide insights into 
the state of the ecosystem. The term Indicator is 
reserved for a subset of attributes that is particu-
larly information-rich in the sense that their val-
ues are somehow indicative of the quality, health, 
or integrity of the larger ecological system to 
which they belong (Noon 2003).  See indicators.

Co-location – Sampling of the same physical 
units in multiple monitoring protocols.

Conceptual model – a visual or narrative sum-
mary that describes or identifi es some important 
components of a system, together with some 
of the possible interactions among them. For 
ecosystems, models may include both biotic and 
abiotic components, such as organismal popula-
tions or physical properties of the environment, 
plus an array of interactions that can include 
how agents of change infl uence the structure and 
function of the natural system.

Degradation – an anthropogenic reduction in 
the capacity of a particular ecosystem or ecosys-
tem component to perform desired ecosystem 
functions (e.g., degraded capacity for conserving 
soil and water resources). Human actions may 
degrade desired ecosystem functions directly, or 
they may do so indirectly by damaging the capac-
ity of ecosystem functions to resist or recover 
from natural disturbances and/or anthropogenic from natural disturbances and/or anthropogenic 
stressors (derived from concepts of Herrick et stressors (derived from concepts of Herrick et 
al., 1995, Ludwig et al., 1997, Whisenant 1999, al., 1995, Ludwig et al., 1997, Whisenant 1999, 
Archer and Stokes 2000, and Whitford 2002).Archer and Stokes 2000, and Whitford 2002).

GlossaryGlossary

Disturbance – “...any relatively discrete 
event in time that disrupts ecosystem, com-
munity, or population structure and changes 
resources, substrate availability, or the physical 
environment” (White and Pickett 1985:7). In 
relation to monitoring, disturbances are con-
sidered to be ecological factors that are within 
the evolutionary history of the ecosystem (e.g., 
drought). These are diff erentiated from an-
thropogenic factors (stressors, below) that are 
outside the range of disturbances naturally ex-
perienced by the ecosystem (Whitford 2002).

Driver – see Driver – see Driver ecosystem drivers.

Ecological eff ects –are the physical, chemical, 
biological, or functional responses of ecosys-
tem attributes to drivers and stressors.

Ecological indicator – see Ecological indicator – see Ecological indicator indicators.

Ecological integrity – a concept that ex-Ecological integrity – a concept that ex-Ecological integrity
presses the degree to which the physical, 
chemical, and biological components (in-
cluding composition, structure, and process) 
of an ecosystem and their relationships are 
present, functioning, and capable of self-re-
newal. Ecological integrity implies the pres-
ence of appropriate species, populations and 
communities and the occurrence of ecologi-
cal processes at appropriate rates and scales 
as well as the environmental conditions that 
support these taxa and processes.

Ecosystem – defi ned as, “a spatially explicit 
unit of the Earth that includes all of the or-
ganisms, along with all components of the 
abiotic environment within its boundaries” 
(Likens 1992).

Ecosystem drivers – major external driving  – major external driving 
forces such as climate, fi re cycles, biological forces such as climate, fi re cycles, biological 
invasions, hydrologic cycles, and natural dis-invasions, hydrologic cycles, and natural dis-
turbance events (e.g., earthquakes, droughts, turbance events (e.g., earthquakes, droughts, 
fl oods) that have large scale infl uences on fl oods) that have large scale infl uences on 
natural systems.
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Ecosystem function – the fl ow of energy and 
materials through the arrangement of biotic and 
abiotic components of an ecosystem. Includes 
many ecosystem processes such as primary 
production, trophic transfer from plants to ani-
mals, nutrient cycling, water dynamics and heat 
transfer. In a broad sense, ecosystem function 
includes two components: ecosystem resource 
dynamics and ecosystem stability (Díaz and Ca-
bido 2001). 

Ecosystem condition (health) – a metaphor 
pertaining to the assessment and monitoring of 
ecosystem structure, function, and resilience in 
relation to the notion of ecosystem “sustainabil-
ity” (following Rapport 1998 and Costanza et al., 
1998). A healthy ecosystem is sustainable.

Ecosystem integrity – see Ecosystem integrity – see Ecosystem integrity ecological integrity.

Focal resources -- park resources that, by vir-
tue of their special protection, public appeal, or 
other management signifi cance, have paramount 
importance for monitoring regardless of current 
threats or whether they would be monitored as 
an indication of ecosystem integrity.  Focal re-
sources might include ecological processes such 
as deposition rates of nitrates and sulfates in cer-
tain parks, or they may be a species that is har-
vested, endemic, alien, or has protected status.

Focal attributes/organisms – species/organisms 
that play signifi cant functional roles in ecological 
systems by their disproportionate contribution 
to the transfer of matter and energy, by structur-
ing the environment and creating opportunities 
for additional species/organisms, or by exercising 
control over competitive dominants and thereby 
promoting increased biological diversity (derived 
from Noon 2003).  [Encompasses concepts of 
keystone species, umbrella species, and ecosys-
tem engineers.]

Functional groups – groups of species that have 
similar eff ects on ecosystem processes (Chapin 
et al., 1996) – frequently applied interchangeably 
with functional types.

Functional types –sets of organisms sharing 
similar responses to environmental factors such 
as temperature, resource availability, and dis-as temperature, resource availability, and dis-
turbance (= functional response types) and/or turbance (= functional response types) and/or 
similar eff ects on ecosystem functions such as similar eff ects on ecosystem functions such as 
productivity, nutrient cycling, fl ammability, and productivity, nutrient cycling, fl ammability, and 
resistance / resilience (= functional eff ect types) resistance / resilience (= functional eff ect types) 
(Díaz and Cabido 2001).

Indicators (general use of term) – a subset 
of monitoring attributes that are particularly 
information-rich in the sense that their values 
are somehow indicative of the quality, health, or 
integrity of the larger ecological system to which 
they belong (Noon 2003).  Indicators are a se-
lected subset of the physical, chemical, and bio-
logical elements and processes of natural systems 
that are selected to represent the overall health 
or condition of the system.

Indicators of ecosystem health (specifi c use 
of term) – measurable attributes of the environ-
ment (biotic or abiotic) that provide insights 
regarding (1) the functional status of one or more 
key ecosystem processes, (2) the status of eco-
system properties that are clearly related to these 
ecosystem processes, and/or (3) the capacity of 
ecosystem processes or properties to resist or 
recover from natural disturbances and/or an-
thropogenic stressors (modifi ed from Whitford 
1998). In the context of ecosystem condition, key 
ecosystem processes and properties are those 
that are most closely associated with the capac-
ity of the ecosystem to maintain its characteristic 
structural and functional attributes over time 
(including natural variability).

Inventory – an extensive point-in-time eff ort Inventory – an extensive point-in-time eff ort Inventory
to determine the presence/absence, location or 
condition of a biotic or abiotic resource.

Landscape – a spatially structured mosaic of 
diff erent types of ecosystems interconnected by 
fl ows of materials (e.g., water, sediments), en-
ergy, and organisms.

Measures – specifi c feature(s) used to quantify 
an indicator, as specifi ed in a sampling protocol. 
For example, pH, temperature, dissolved oxygen, 
and specifi c conductivity are all measures of wa-
ter chemistry.

Metadata – Data about data.  Metadata de-
scribes the content, quality, condition, and other 
characteristics of data.  Its purpose is to help orga-
nize and maintain an organization’s internal invest-
ment in spatial data, provide information about 
an organization’s data holdings to data catalogues, 
clearinghouses, and brokerages, and provide in-clearinghouses, and brokerages, and provide in-
formation to process and interpret data received formation to process and interpret data received 
through a transfer from an external source.through a transfer from an external source.

Monitoring – collection and analysis of re- – collection and analysis of re-
peated observations or measurements to evalu-peated observations or measurements to evalu-
ate changes in condition and progress toward ate changes in condition and progress toward 
meeting a management objective (Elzinga et al. 
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1998). Detection of a change or trend may trig-
ger a management action, or it may generate a 
new line of inquiry. Monitoring is often done 
by sampling the same sites over time, and these 
sites may be a subset of the sites sampled for the 
initial inventory.

Protocols – as used by the NPS I&M Program, 
are detailed study plans that explain how data 
are to be collected, managed, analyzed and re-
ported and are a key component of quality assur-
ance for natural resource monitoring programs 
(Oakley et al. 2003).

Research – has the objective of understanding 
ecological processes and in some cases deter-
mining the cause of changes observed by moni-
toring. That understanding is needed for deter-
mining the appropriate management response 
to threats. Research is generally defi ned as the 
systematic collection of data that produces new 
knowledge or relationships and usually involves 
an experimental approach, in which a hypothesis 
concerning the probable cause of an observation 
is tested in situations with and without the speci-
fi ed cause. The NPS monitoring program in-
cludes a research component to design sampling 
protocols for various types of park resources at 
diff erent locations and spatial scales.

Resilience – the capacity of a particular ecologi-
cal attribute or process to recover to its former 
reference state or dynamic after exposure to a 
temporary disturbance and/or stressor (adapted 
from Grimm and Wissel 1997). Resilience is a 
dynamic property that varies in relation to envi-
ronmental conditions.

Resistance – the capacity of a particular ecologi-
cal attribute or process to remain essentially 
unchanged from its reference state or dynamic 
despite exposure to a disturbance and/or stressor 
(adapted from Grimm and Wissel 1997). Resis-
tance is a dynamic property that varies in rela-
tion to environmental conditions.

Stressors - physical, chemical, or biological per-
turbations to a system that are either (a) foreign 
to that system or (b) natural to the system but 
applied at an excessive [or defi cient] level (Bar-
rett et al., 1976:192).  Stressors cause signifi cant 
changes in the ecological components, patterns changes in the ecological components, patterns 
and processes in natural systems.  Examples and processes in natural systems.  Examples 
include water withdrawal, pesticide use, timber include water withdrawal, pesticide use, timber 
harvesting, traffi  c emissions, stream acidifi cation, harvesting, traffi  c emissions, stream acidifi cation, 
trampling, poaching, land-use change, and air 
pollution. Compare with disturbance, above.

Trend – as used by the NPS I&M Program, refers Trend – as used by the NPS I&M Program, refers Trend
to directional change measured in resources by 
monitoring their condition over time. Trends can 
be measured by examining individual change 
(change experienced by individual sample units) 
or by examining net change (change in mean re-
sponse of all sample units).

Vital Signs – a subset of physical, chemical, and 
biological elements and processes of park eco-
systems that are selected to represent the overall 
health or condition of park resources, known 
or hypothesized eff ects of stressors, or elements 
that have important human values. The elements 
and processes that are monitored are a subset 
of the total suite of natural resources that park 
managers are directed to preserve “unimpaired 
for future generations,” including water, air, 
geological resources, plants and animals, and 
the various ecological, biological, and physical 
processes that act on those resources. Vital Signs 
may occur at any level of organization including 
landscape, community, population, or genetic 
level, and may be compositional (referring to 
the variety of elements in the system), structural 
(referring to the organization or pattern of the 
system), or functional (referring to ecological 
processes).


